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In Column 1, line 54, after "rim" insert -20-; 

In Column 1, line 58, change "an" to -any-; 

In Column 3, line 50, change "blow mold" to -blow-mold-; 
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In Column 5, line 22, change ";" to -:— ; 

In Column 9, lines 8-9, change "polyvinylchlroide" to -polyvinylchloride-; 
In Column 10, line 27, delete "and"; 

in Column 10, line 29, delete "." after "invention" and insert -;- 
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In Column 11, line 39, insert -Sidewall 14- before "extends"; 
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In Column 13, line 33, change "section" to -sections-; 

In Column 13, line 40, insert after "685d"; 

In Column 13, line 40, change "this" to -This-; 

In Column 13, line 53, change "40" to -561-; 

In Column 13, line 61, change "proving" to —providing—; 

In Column 14, line 18, insert -is- before "attached"; 

In Column 14, line 36, change "dl" to -D1-; 

In Column 14, line 38, change "34" to -634-; 

In Colunm 14, line 4/ change "40" to ~640~; 

In Column 14, line 5^, change "7(c)" to ~7(b)-; 

In Column 15, line 6, change "242" to -718-; 

In Column 15, line 23, change "736" to -735-; 

In Colunui 15, line 47, change "following:" to -following.-; 

In Column 16, line 13, delete "(b)"; 

In Column 16, line 27, change "though" to -thought-; 

In Column 16, line 27, delete the 2nd instance of "of*; 
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In Column 16, line 45, insert -.~ after "D 

In Column 16, line 45, change "the" to -The-; 

In Column 16, line 49, change "W " to -W 

In Column 17, line 22, change "section" to —sections—; 

IN Column 18, line 14, change "rapidly" to -rapid-; 

In Column 18, line 60, change "21" to -921-; 

In Column 18, line 61, change "11" to -911-; 

In Column 18, line 62, delete "as"; 

In Column 19, line 30, change "935" to -934-; 

In Column 22, line 67, change "closed to vacuum, open to pressureclosed to pressure," to —closed to vacuum; open to pressure; 
closed to pressure;- 

In Column 23, line 1, change "atmosphereclosed to pressure," to -atmosphere closed to pressure;— 

In Column 26, line 5, change "110" to -1010-; 

In Column 26, line 54, change "950" to -50--; 

In Column 27, line 56, change "heir" to —their—; 

In Column 28, line 24, change "a, a" to — , — ; 

In Column 28, line 33, change "2-2-bis-3,5-" to "2,2-bis-(3,5-; 

In Column 28, line 34, change "propane and" to —propane,— 

In Column 28, line 54, delete "let, 15"; 

In Column 28, line 61, change "Specifications" to —Specification-; 
In Column 31, line 27, change "1,00" to -1,000-; 
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In Column 37, line 37, delete " 1 " ; 

In Column 38, Table 6, line 5, change "Lbf-in" to -(Ibf-in)-; 

In Column 39, line 52, change "abut" to -about-; 

In Column 39, line 61, change "in" to -is—; 

In Column 40, line 6, change "Power" to —Powder—; 

In Column 42, line 49, change "it supper" to —its upper-; 

In Column 42, line 52, change "slid" to —solid—; 

In Column 45, line 12, insert -about- before "4"; 

In Column 45, line 16, insert -about- before "6"; and 
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INJECTION BLOW-MOLDED DISPOSABLE 
TUMBLER AND METHO D OF MAKD^G 
SAME 



This non-pimisibna]"pi^^^^ is'"based" oii the 

T61Iowihg"pfD visioffal^a^^ wi thin- one year 

of the filing date of this application. 




Survey data indicate that consumers in many instances 
prefer disposable articles whose appearance and perfor- 
mance more closely resemble glassware. Conventional dis- 
posable drinking cups produced by blow-molding typically 
rely upon a relatively prominent curled rim to provide 
rigidity Jp^the article and accordingly, the article does not 
resemble glassware to the extent desired. Moreover, even 
with the prominent top-curl, conventional blow-molded 
-€ups-4ypically- are not rigid enough to mimic glassware. 
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Injection blow-molding processes and apparatus are widely 
known and widely used in industry. For example, reference 
may be had to U.S. PaL No. 3,183,552 to Farkas, U.S. Pat. 
No: : 3;819314J to. Marcus, U.S. Pat. No. 3,339,231 to 
Pioirowski and Canadian Pat. No. 995,418 to Cannon et al. 

It is known, in general, to use injection blow-molding of 
polycarbonates to produce an assortment of containers, see 
Kirk-Othmer Encyclopedia of Chemical Technology, Fourth 
Edition,--VolT49, p. 600. Further, U.S. Pat. No. 4,139,517 
discloses reusable nailk bottles composed of aromatic poly- 
carbonates and is specifically directed to a tinted polycar- 
bonate container to prevent milk spoilage caused by artificial 
light or sunlight. The patent discloses that the containers can 
be prepared by well-known techniques, such as extrusion 
blow-molding, injection blow-molding, rotational molding, 
thennofonning, injection molding and lamination. No spe- 
cific processing conditions for the mentioned molding tech- 
niques are given. 

U.S. Pat. Nos. 4,225,304; 4,230,298; 4,234,302 and 
4,308,086, issued to Valyi, disclose a continuous process and 
apparatus for blow-molding, including injection blow- 
molding, containers formed of various plastics including 
polycarbonates. Again, no specific process parameters for 
prxxiucing polycarbonate containers are provided. It is and 
has been a long standing objective of blow-molding pro- 
cesses to achieve a high productivity, i.e., to develop a 
process with a rapid, efiScient and economical operating 
cycle. 

State of the art processes known heretofore are subject to 
one or more significant disadvantages. Frequently, they are 
40 characterized by a relatively slow operating cycle. A shorter 
operating cycle is particularly desirable since it is directiy 
translatable into a larger number of end products produced. 
Processes are known with overlapping cycles in order to 
reduce overall cycle time, for example, by providing that 



The disclosur es of tiie above applications are hereby 
incorporated into this application .by- reference -thereta and 
the priority of the foregoing applications is claimed in 
accordance with 37 CFR 1 .78. 

TECHNICAL FIELD 

The present invention relates generally to disposable 
tumblers and in particular to injection blow- molded tum- 
blers of various configurations having a fortified rim at the 
upper extremity of the sidewalf. 

BACKGROUND 

Disposable polymeric articles for packaging, bowls and 
cups are well known. Such articles are formed of 
polystyrene, polypropylene, polyetiiylene terephthalate and 
the like and niay be made by thermoforming, injection 
molding, injection blow-molding, or other- suitable tech- 
nique. Injection molding has advantages in that a short cycle 
time is readily achieved, but tends to be more expensive in 
terms of material and articles so formed tend to have 
anisotropic properties and therefore -.exhibit brittieness. 
Thermoforming likewise tends to have advantageous cycle ^ 

times, however, the waste generated tends to be excessive. '^^^^ parison is being molded another is being blown 



25 



30 



35 




and still another is being removed. However, even with 
processes using overlapping cycles the overall cycle time 
still leaves much to be desired and still necessitates improve- 
ment in cycle time. The foregoing difiSculties are fiirtiier 




3^lIS. Pat. No. 5,433,337 of \raibrandt'*discloses an injec- 
ti^B^kmolded drink container to fit in vehicle cup holders, 
ie^cohtaiiierharaniipperrin^dtfra^hdght-o 




Moreover, the draw which may be imposed on the sheet is 
limited. U.S. Pat. No. 5,693,278 discloses thermoformed 
articles produced from polyethylene terephthalate sheet. The 

excessive waste problem is addressed in the '278 patent by 

utilizing at least forty percent (40%) by weight recycled compounded by frequent lack of" reliability of prior art 
--material. processes necessitating frequent interruptions of the opera- 

tion and thereby further impairing operating efficiency. 

U.S. Pat. No. 4,540,543 assigned to Canada Cup, Inc., a 
subsidiary of Fort James Corporation, discloses an injection 
4i^^^^ofe.an^inGh4o about 55 blow-molding process and apparatus for hollow plastic 

aboutOJ^inches to about 0.25 inches. Note Col. 5 at lines articles. The metiiod and apparatus for injection blow- 
d-5:r257;UrS-PatrNo. 5,427.269 notes-at Col; 5 that this type molding hollow plastic articles is characterized by a rapid 
^fcjpontMner may be produced by .^fe uitable method, but efficient operating cycle. The injection mold includes a 

SiatunjcQtibn is preferred. mold cavity and the blow mold is located adjacent the mold 

;ad&-te-be -60 - eavity-in-a-side-by-side relationship. The parison is injection 
l:z:l^.yppnQi^a gJ[g ^.t^^^ relatively tiiick- moIdedinta:thejnijQld_cavity .onto a core. The parison on. the 

walled parts.to compensatefor theariisotropy inherent in the core is separated from the mold cavity by moving the 
luetjondtechnique^Di sposable^containers^are preferably parison on the co re axially in a straight path away from the 
g^:;made^utilizing -as littie nSaterial as possible. mold cavity, followed by movement in a substantially arcu- 



S^.J^-^any consumers 'are generally reluctant to use conven- 65 ate patii into axial alignment, with die blow mold, followed 
'"gib^dispokabl^drinking cups-on a frequent basis due to by axial movement in a straight patii into the blow mold. The 
itfaii£fhook:and,fee l".. their expense, or their performance. advantage of the metiiod and apparatus of injection blow- 
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molding disclosed in U.S. PaL No. 4,540,543 compared lo 
previous injection blow-molding methods is in its reliability, 
preventing interruptions of the injection blow- molding 
operation and thereby improving efiBciency. The method and 
apparafus*^disclosednn UrSr-Pat. Nor4;540;543 havie been 
- used-to«raanttf acture- thin-walled-containers=from poly sty- 
rene. In particular, disposable containers have been success- 
fully produced from polystyrene. Such polystyrene contain- 
e r s air - dcii ir able-becaus^nhey^aitr-ieu s abl e and have 
aesthetic- clarity. .Ho.weyer,. f or„ producing permanent . ware 
products whiiph have a honiinal th i cldiess t y picall y over 50 
mils, it has been found that polystyrene was not acceptable 
because .^f brcakage~^Wheh .producing, blowrmolded perr 
maware containers, it is often useful to incorporate onto the 
base indicia i ndicatin g the o rigin of manufacture or provide 
oihexspaual-cpnfigurauons4o the base to^aid in subsequent 
processing steps siich" as printing or packaging. However, for 
relatively thick bases,- the-fluid- pressure used in blow- 
moiding4s not sufScientto adequately^ press the parison base 
against a mold and form "an adequately deep molded impres- 
sion on the base. Previously, such base molding step was 
accomplished by removing the containers from the continu- 
ous blow-molding process and stamping the base of the 
containers in a wholly separate apparatus. Such separate 
processing adds significant energy and time costs to the 
overaD process. 

Accordingly, an object of the present invention is to 
provide a reusable permanent ware polycarbonate container 
prepared by injection blow-molding wherein the container 
mimics glass but is not as breakable when dropped under 
normal usage. 

Another object of the present invention is to provide a 
reusable, permanent ware injection blow-molded polycar- 
bonate container that has good clarity but is more durable 
than other plastic containers such as those formed from 
polystyrene. 

A further object of the present invention is to provide a 
process for injection blow-molding hollow polycarbonate 
articles characterized by a rapid, efl&cient and economical 
operating cycle. 

A still further object of the present invention is to provide 
a process as aforesaid which is convenient and easy to use 
on a coinmiercial scale and may be reliably used with high 
productivity. 

Still yet another object of the present invention is to 45 
provide a process for injection blow-molding hollow articles 
characterized by a rapid, efficient and economical operating 
cycle such as provided by U.S. Pat. No. 4,540,543, but use 
resins other than polystyrene. 

A still further object of this invention is to ^0WAnl@ld 50 
'h ollow p e i ma ware^ontainers-'and-mold the base of such 
containers in a continuous process without having to remove 
&e ^ntoiners froni^the blow-molding apparatus . 

Other objects and advantages of the present invention will 
become apparent the following description and draw- 55 
ingsl 

SUMMARY OF INVENTION 

In a first aspect of the invention there is provided an 
injection"hh) w -m olded d i sp osable t uinbl erextribtting biaxial 
-tGughness-formed-fFom-a-polymeric-jnaterial- comprising: a 
base forming the bottom of the timibler defining an outer 
edge thereof; -a-sidewalUintegrally- formed with said base 
extending upwardly firom the outer edge thereof defining 
about its upper extremity a fortified rim. 

In one preferred embodiment of the present invention 
there is provided an injection blow-molded disposable tum- 
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bier exhibitin^^^g^rtoiighness formed from a polymeric 
mate rial inFi^ ^^gg^E^ ^fonn ing the bottom of said 
lu^ibrS^d^n^^^^^edge tiiereof; a sidewall integrally 
formed wit htgiPba^^t ehding -Upwardly from the outer 
edge thereo'^^^^^lssgfefrPP about 5 to about 50 
mils definiii^^^^^^^i^eeinity a fortified nm; tiie 
sidewall ext^gg^^^^S^a^taper of from about 1.0 
jo about 4A^^^^^^^he|ortified rim has a tiiick- 
ncss oTat^ i^^2iffiS ^^£^th an^^ the adjacent portion of 
said sidewalT^^SrB^i^B^ ^least 2 mils. More typically, 
the^sidewall^^^^^ g^gijH^ ^ith'a taper of from about 
2.75 to abnugt^^^^^^^^feg^ly the sidewall extends 
upwardly with^^tap^feaScmt^ degrees. The fortified rim 
generally h asLSBickiic^^S ^g(ght of from about 1.5 to 
about 6 times^tfee^aoKs^Ggte portion of tiie 

sidewall; with:fHHg^bQUfe3vtiB>^^ou^ the thickness of 

the adjacent p6 ftibnWf^aid^MejjV£^ niore typical. The 
tumbler is made from, a polymer which is a thermoplastic 
optically cleSSpSl'^m^t^tMaSteie value of less than 10, 
usually selected^fr0nLthei;g?pupL.cp of polystyrene, 

clarified poly^^ylen^^?p^ polycarbonates, poly- 
acrylates an d sTy r enela cryl^^^ The volume of said 
injection blow-molded' tumbler is generally from about 1.5 
to about 4 tinies4he~ injection molded parison 

from which it was prepared; towever, a volume of from 
about 1.75 to~about 3 times , the volume of the injection 
molded parison from wMehrit^w^ is more typical, 

while a volume of the, tumbler of about twice the volume of 
the injection molded parison from which it was prepared is 
sometimes preferred. The sidewall has a thickness of from 
about 10 to about 35 mils, with from about 15 to about 25 
mils being more' common. A thickness of about 20 mils is 
preferred in many instances. :The sidewall may frirther 
include a pattern which alters the cylindrical character 
thereof over at least a portion of the sidewall which pattern 
is operative as a grip portion for a user. A ratio of the height 
of the tumbler to the inside diameter of the upper portion of 
the sidewall is from about 2 to about 4 in some 
embodiments, for example, about 3. The tumbler may have 
a contained volume of from about 12 to about 15 ounces, or 
inner volume of about 14 ounces. In some embodiments, the 
tumbler has a height of from about 5.75 to about 6 inches. 

In another embodiment, there is provided ari injection 
blow-molded disposable tumbler exhibiting biaxial tough- 
ness formed of a polymeric material including: (a) a base 
forming the bottom of the tumbler defining an outer edge 
thereof; (b) a sidewall integrally formed with the base 
extending upwardly from the outer edge thereof having a 
thickness of from about 5 to about 50 rnils defining about its 
upper extremity a fortified rim; (c) the sidewall extending 
upwardly with a taper of from about 2.5 to about 10 degrees; 
wherein the fortified rim has a thickness of at least 2 mils 
greater than the adjacent portion of the sidewall over a 
height of at least 2 mils. The sidewil typically'' extends 
upwardly with a taper of from about 4.5 tb-about-lG degrees 
and preferably the sidewall extends upwardly with a taper of 
from about 4.5 to about 7.5 de^es7-j^te;;fortified rim 
generally has a thickness and a heigKC6fSm^outjl:5 to 
about 6 times the thickness of the ^jacent portion- of the 
sidewall; with from about 3 to about^5:tiimrgs:the.thickness of 
the adjacent-portion of said sidewai febeingaaB^EE^ iealTrThe 
tumbler is usually formed of optically_clear polymer with a 
haze value of less than 10 selected f rom the group consisting 
of polystyrene, clarified poly prPK^Jgge^ polyesters, 
polycarbonates, polyacrylates and styrene acryfonitrile. The 
contained volume of the tumbler is generally from about 1.5 
to about 4 times the volume of an injection molded parison 
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from which it was prepared; while from about 1.75 to about 
3- times the volume of the injectio n molded parison from 
which it was prepared is more typical. The tumbler is about 
twice the volume of the injection molded parison from 

hich It was prepared "The-Tulhbler side wall-has-^^ 
t)Mrom=aboul"t&HO'about-^5*mils-'in-generaly^whereas,^^-t^ 



sidewall has a thickness of from about 1 5 to about 25 mils 
in most embodiments. Particularly preferred articles are 



those wherein the sidewail. lias" amcKness of about 20 mils. 
fFhersaid^idewatHnay-itirther-ind 

the^yjindrical^aracterOhereof. overeat ■■lcasti.a-.ipQrtioa:^o£ 
saidsidewalLwJiictLpatterniS-operatiye.as.agrip^portion^for 



10 



15 



20 




^ajcreerrThe-tumbler-typically exhibits-a ratio of the heigh 
-the tumbler to the inside diameter of the upper portion of the 
sidevvail-tom-about-1- to^out-5;^wher«as-from-about J ,3 to 
aboutvir7::isrpreferred7i.The height-of is from 

~abdut 4.6 to about 4.8 inches and it has a typical volume of 
from about 12 to about "16 ounces; Avhile" about 15 fluid 
"MnceT is ^t;f erred in this embodiment. „ . - 

" - In another embodiment, there is provided an injection 
blow-molded_disposable tumbler exhibiting biaxial tough- 
ne ss fo rmed of a polymeric material incliidin^ a base 
-forming the bottom of the tumbler -defining-an-outer edge 
thereof; a sidewall integrally formed with the base extending 
upwardly from the outer edge thereof having a thickness of 25 
from about 5 to about 50 mils defining about its upper 
extremity- a fortified rim; the sidewall extending upwardly 
with a taper of from about 1 to about 10 degrees; wherein die 
fortified rim has a thickness of at least 2 mils greater than the 
adjacent portion of the sidewall over a height of at least 2 30 
mils, said tumbler defining a volume of at least about 16 
fluid ounces. More typically, the sidewall extends upwardly 
widi a taper of from about 2.75 to about 9 degrees and 
preferably with a taper of from about 5 to about 7 degrees. 
The_ fortified rim generally has thickness and a height of 35 
from about 1.5 to about 6 times the thickness of the adjacent 
portion of the sidewall, while a thickness and height of from 
about 3 to about 5 times the thickness of the adjacent portion 
of Ihe sidewall is preferred. The tumbler is made from a 
polymeric material which is an optically clear polymer with 40 
a haze value of less dian 10, selected from the group 
consisting of polystyrene, clarified polypropylene, 
polyesters, polycarbonates, polyacrylates and styrene acry- 
lonitrile. The volume of the injection molded tumbler is 
typically from about 1.5 to about 4 times the volume of an 45 
injection molded parison from which it was prepared and the 
tumbler defines a volume of from about 16-20 fluid ounces. 

The present invention is directed in still yet another 
embodiment to a reusable, permanent ware polylycarbonate 
container and method of making the polycarbonate con- 50 
-iHmer.-%e-polyearbonate container- naimies -the-darity of 





glass without having the undesirable fragile property of 
glass and is more durable than other plastic containe rs such 
as polystyrene containers. Thus, the poiybSBOTiMe'cSStSh- 
tt^^o^^fumblersliave the look and feel of glass pennaware 55 
aad can be employed in normal usage without concern for 
breakage if the container is dropped. The container or 
tumbler includes a base, a sidewall and a fortified upper rim. 
The sidewall is integrally formed witii the base and extends 
Spw^dn^!trt)lfin^ 

per'0r-4hiekn&ss of about greateMhan^50-thour 
sandths of an inch ("mils") to about 500 thousandths of an 
.'::inchrTheitumbler_preferablyr has^a mouth-(upper rim).which 
is about as wide or wider than the diameter of the remainder 
of the tumbler Such containers are not as easily handled 65 
during the blow-molding process as blow-molded botdes 
„and the like in which the mouth of the bottie is substantially 



less than the diameter of the shoulders and remaining 
portions of the bottle. At the upper extremity of the sidewall 
or mouth can be provided a fortified rim which serves to 
impart additional rigidity to the container. The fortified rim 
area has a finite width and height both of which exceed the 
thickness of the adjacent sidewall. While the tumbler is 
generally cylindrical in overall shape, die tumbler can be 
provided with either a uniform or non-uniform taper. The 
tumbler can be~cfnbossed to impart a decorative pattern on 
the sidewall. The pennaware polycarbonate container of die 
present-invention 4s-preferably prepared by a side-by-side 
injection blow-molding method and apparatus as disclosed 
in UTS-.-Pat. No. 4,540,543. The patented meUiod comprises: 
providing an injection mold including a mold cavity formed 
by a-mold- wall and a core; injecting molten polycarbonate 
into the cavity to form a parison on the core; separating said 
parison from the mold wall by moving the parison on the 
core'axially'ih a "straight path away from the mold wall; 
providing a blow mold adjacent the mold cavity in side-by- 
side relationship therewith; moving the parison on the core 
in a substantially arcuate path into axial alignment with the 
blow mold; moving the parison on die core axially in a 
straight path into the blow mold; and expanding the parison 
on the core in the blow mold at a uniform temperature to 
form the hollow container. The apparatus comprises: an 
injection mold including a mold wall; a core engageable 
with said injection mold to form a mold cavity with the mold 
wall; means to inject molten polycarbonate into the mold 
cavity to form a parison therein; a blow mold adjacent the 
mold cavity in side-by-side relationship therewith; means to 
separate the parison from the mold wall operative to move 
the parison axially in a straight path away from the mold 
wall, followed by in a substantially arcuate path into axial 
alignment with the blow mold, followed by axially in a 
straight path into the blow mold; and means to expand the 
parison on the core in the blow mold to form the hollow 
container. The core is preferably separated from the hollow 
container leaving the container in the blow mold and 
returned to die injection mold for anodier cycle along paths 
corresponding to the foregoing padi, i.e., axially, substan- 
tially arcuate and axially into the injection mold. An ejection 
station may then be provided adjacent the blow mold in 
side-by-side relationship. An ejection core can transfer the 
hollow container from blow mold to ejection station and 
return along paths corresponding to the paths of the core. In 
one embodiment, a second core, second ejection station, 
second blow mold and second ejection core are provided on 
the side opposed to the blow mold and ejection station for 
operation of an overlapping cycle. The second core and 
second ejection core move on paths corresponding to the 
paths of-the core and ejection core. That is, when the core is 
in the blow mold the second core is in the injection mold. A 
major advantage of the patented blow-molding process 
resides in the rapid operating cycle enabled by the critical 
movement paths. Also, the process and apparatus are simple, 
convenient to operate and reliable. The resultant high pro- 
ductivity is a significant feature. In this aspect of the 
invention a method of forming a durable polycarbonate 
pennaware container includes: (a) injecting molten polycar- 
-bonate-into-a mold cavity formed by a mold wall and a core 
-toJ"orm-a::poiyearbonate. parison on the core; separating the 
parison from the mold wall by moving the parison on die 
core axially in a straight path away from the mold wall; 
moving the parison on the core in a substantially arcuate 
path into axial alignment with a blow mold which is in a 
side-by-side relationship v^dth die mold cavity; moving die 
parison on the core axially in a straight path into the blow 
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the parison on the core axially in a straight path into the blow 
mold; and expanding the parison on t he core in the blow 
mold at a uniform temperature to form a hollow container; 
wherein the resin is selecte d from the groiip consisting of 
' filled polystyrenerlilled'and'hon^filled polycarbonate, poly- 
ethylene^terephthalater^polycaibonateTfaHdrABS ^mixtures , 
acryjic resins, clarified polypropylene and i^iyvSyichl^ 
^ ~ ' filled resins contain up to 5 wt. % of nanometer- 



^sized particles which may~c6mprise a clay. In 
embodimentratransparentTdrinldng tun^bler is comprised of 10 
— potystyrene-fiiied-^ith^nanometer-si2ed-paFtiGles-4iaving-a 

-size-wkhir^th&range-o£visible4ight wavelengths.-In another 
aspect;:there ' is 'provided a ;method of forming-a- container 
having a wall thickness greater ;han 50 mils, the container 

-contaimng-sidewaHs--and-an-integralIy- fOTmed-basef the 15 
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method - comprisihg::~:bl6wing7a-2p mold 
sh^ed in the fonn of the container to form a hollow 
container^ inseTting~within~ Iffi which 
~ remains^irTth^blow mold, a core which presses the base of 
the container against a mold face having thereon indicia or 20 
other structural configurations so as to mold the indicia or 
other mold configurations ontgjhe_ outside stirface of the 
base. Another method involves forming a container com- 
prising: (a) injecting molten resin into a mold cavity formed 
by a mold wall and a core to form a resinous parison on the 25 
core; (b) separating the parison from the mold wall by 
moving the parison on the core axially in a straight path 
away 'from the mold wall; (c) movifig the parison on the core 
in a substantially arcuate path into axial aligimient with a 
blow mold which is in a side-by-side relationship with the 30 
mold cavity; (d) moving the parison on the core axially in a 
straight path into the blow mold; and (e) expanding the 
parison on the core in the blow mold by directing fluid 
initially at the top of the parison and directing the fluid 
pressure from the top toward the base of the parison at a 35 
uniform temperature to form a hollow container, there the 
resin is selected from the group consisting of polycarbonate, 
polyethylene terephthalate, polycarbonate and ABS 
iffixfiiresr actyUc^resiiis,^ clarified" poTypfopyl^^^ "and poly- 
vinylchloride. 40 

In still further embodiments of the present invention, 
there is PXoWded an injection blow-molded tumbler with a 
foffified rim having a thickness greater than the adjacent 
sidewall formed of a polymeric m^OTal including a styrene/ 
butadieiie copolymer. In general, the copolymer is firom 45 
about 2 to about 40 percent by weight butadiene residue with 
from about 8 to about 15 percent by weight butadiene 
residue in the composition being typical. The tumbler may 
consist entirely of butadiene/styrene copolymer, or the 
copolymer may be blended with other polymers, for 50 
examplerpotystyrene: ■■ — ■■ — — 

Alterhatively, polystyrene or other polymeric composi- 
^^tionjQay^be^oyidedjwjti^ 
impact modifiers may be core-shell polymers, olefin con- 
tSmng'cqpolymere polymers, rubber copolymers, 

sr^rene' cojSa^^ "and; imxtiires thereof. So 

also, the inventive tumblers may be made from filled poly- 
meric compositions including conventional filler such as 
mica, talc and the like. Suitable filled compositions may 
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'^rnclude froni 5lo30 weight perceiirfiller, with trom about" 
" 8TO''afc ou r 20 "p e n :enf filler bei n g - m orenypicalr-From- about 
10 to about 15 weight percent filler is perhaps most suitable 
fGrthe-injeetion^brow-rnbldednumblersT^ - • 

BRIEF DESCRIFnON OF DRAWINGS 55 

The invention is described in detail below with reference 
to numerous examples and drawings. In the drawings: 



FIG. 1(a) is a view in elevation of a tumbler produced in 
accordance with the present invention; 

FIG. 1(b) is a plan view of the bottom of the tumbler of 
FIG. 1(a); - . 

FIG. 1(c) is a partial view in elevation of the tumbler of- 
FIG, 1(a) showing the molded-in design of the tumbler of 
FIG. 1(a) and illustrating the taper of the tumbler, 
— pjG. 2(a) is a view in elevation of another tumbler 
constructed in accordance with the present invention; 

FIG. 2(b) is a plan view of the bottom of die tumbler of 
HG. 2(a); 

FIG. 3(a) is a view in elevation of yet another tumbler 
constructed in accordance with the present invention; 

FIG. 3(b) is a plan view of the bottom of the tumbler of 
FIG, 3(a); 

FIG. 3(c) is a partial view in elevation of the tumbler of 
FIG. 3(a) showing the molded-in design and illustrating the 
taper of the tumbler; 

FIG. 3(d) is a schematic view illustrating the angular 
relationships of the design of FIGS. 3(a)-(c); 

FIG. 4(a) is a schematic view illustrating the "lip curl" of 
a conventional blow-molded plastic cup; 

FIG, 4(b) is a schematic view illustrating the solid-bead 
fortified rim of a tumbler produced in accordance with the 
present invention; anH> 

FIG. 5 is a schematic drawing illustrating the manufacture 
of a tumbler in accordance with the present inventio^ 

FIG. 6(a) is a view in elevation of a tumbler constructed 
in accordance with the present invention; 

FIG. 6(b) is a plan view of die bottom of the tumbler of 
HG. 6(a); 

FIG. 6(c) is a partial view in elevation of the tumbler of 
FIG. 6(a) showing the grip design in greater detail; 

FIG. 7(a) is a view in elevation of an alternate embodi- 
ment of a tumbler constructed in accordance with the present 
invention with a fluted design; 

FIG. 1(b) is a plan view of the bottom of the tumbler of 
FIG, 7(a) showing 1 fluted surface; 

FIG, 8 is a view in elevation of still yet another ttimbler 
constructed in accordance with the present invention; 

FIG. 9 is an elevational view showing in more detail an 
apparatus preferably used in the present invention to form 
tumblers of the present invention, the apparatus being in the 
closed position with the core in the injection mold; 

FIG. 10 is a view similar to FIG. 9 with the apparatus in 
the open position witii the core and parison in die midst of 
transfer to the blow mold; 

FIG. 11 is a view similar to FIG. 9 with die apparatus in 
the closed position with the core and parison in the blow 
mold and with the second core in the injection mold; 

FIG. 12 is a partial, expanded elevational view showing 
additional details; 

FIG. 13 is a detailed view of the ejection core engaged 
widi the hoUow article in the blow mold; 

HGS. 14 and 15 are partial views showing alternate core 
embodiments; 

iFIG. 16 is a line chart showing core moveraent from 
injectionSS^old to blow mold and return; 

FIG. 17(a) is an elevation of a polycarbonate cup made by 
injection blow-molding; 

FIG. V7(b) is die bottom or base of die polycarbonate cup 
of HG. 17(fl); 
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FIG. 17(c) is the fortified rim of the polycarbonate cup of 
FIG. 17(fl); 

FIG. 18 is a cross sectional view of an alternative ejection 
core whidi also provides a means to mold the base of the 
container; and 

' WGrl9 is a cross se"ctionS'vrew"of"an^ blow 
mold. 



™' DErmWDBSOnPTIDN 

The invention is descnbed below in . cormection with 
various embodiments~and aspects. MoSihcations to "particu-" 
lar "embodiments witlun the^spipt and"„scppe of pres_ent 
invention, which is set forth in the apperided'claimsrwiirbe 
apparent to those of skill in the art. 

Disposable tumblerslin^ arcpidance with the: present 
invention more" closely'^ resemble^conventional glassware 
and mimic -its rigidity, -pcrfonnance-and-^OGk and^feel'-than 
do previously-known, blow-molded articles.. Salient features 
include the biaxial-induced toughness of the blow-molded 
article, as well as rigidity achieved by combing a relatively 
low taper with a fortified upper rim. Conventional blow- 
molded cups "typically include a* very prominent curled lip 
which is not consistent with glassware and tends to make lie 
article unappealing for everyday use or for use with guests. 

There is shown in FIGS. 1(a) through 1(c) a tumbler 10 
constructed in accordance with the present invention. In 
general, tumbler 10 has a base portion 12, a sidewall portion 
14 and an upper circular rim portion 16 which extends about 
the periphery 18 of an opening 20 of tumbler 10. Base 
portion 12 of tumbler 10 is integrally formed with the rest of 
the tumbler and includes a bottom 22 which has a meniscus 
portion 24 and a base sidewall 26. Base sidewall 26 is 
typically thicker than sidewall 14, and has substantially zero 
taper. 

Tunibler 10 is optionally provided with a molded-in 
desigrL28 which. is. more. clearly, seen. by reference to. FIGS. 
\{b) and 1(c). Base sidewall 26 extends upwardly t^efe^ 
an~outer edge 30 which attaches to sidewall l^y^^ms 
upwardly to fortified rim 16. Rim 16 is integrally formed 40 
with sidewall 14 and is a continuous generally circular or 
oval, solid polymer bead extending about periphery 18^ 
opening"20.~Rim 16 has a width indicated at 31 which is 
defined by the difference between an inner diameter 32 and 
an outer diameter 34 of rim 16 and a height 35 which is the 
distance over which the width indicated at 31 extends. The 
width at 31 is thicker than adjacent sidewall portion 38 
which is typically of the same caliper as the rest of sidewall 



height of tumbler 10. Design 28 is comprised of wall 
embossments at least as prominent as the caliper of 
sidewall 14 and typically of the. same thickness or promi- 
nence of the sidewall. Thus,, design 28 substantially alters 
the topography of sidewall 14andtproYides a secure grip for 
a user; as well as a modicum ofzlongitudinal reinforcement. 

There is shown in FIGS! 2{a)"Sui^2(W another tumbler 
210 c onstructed in accordance with the.present invention. In 



general, tumbler 210 has . a .basc-pdrtion 212, a sidewall 
portion 214 and an-upper.circiilafl;nfoitified nm portion 216 
wMch extends about the periphei^'MS'cif an opening 220 of 
tumbler~210. Base portion-21^-o^;turBbler^210 is integrally 
formed with the rest of the tumbler:and includes a bottom 
222 which has a meniscus portion- 224-and a base side^yall 
226T"B~ase sidewall 226 is typicMry_::thicker than sidewall 
214, and has slightly reversed taper^as^opposed to the taper 
of sidewall 214. .4__.. ..:.^: 

Tumbler 210 is provided with a tnolded-in design 228 
which is a series of concentric rings as shown on FIGS. 2(a) 
and 2{b). The dimensions of tumbler 210 are otherwise 
substantially identical to the dimensions of the tumbler 10 of 
FIGS. l(a)-l(c). . 

there is shown in FIGS. 3(a) through 3(^ a tumbler 310 
constructed in accordance with the present invention. In 
general, tumbler 310 has a base portion 312, a sidewall 
portion 314 and an upper circular fortified rim portion 316 
which extends about the periphery 318 of ah opening 320 of 
tumbler 310. Base portion 312 of tumbler 310 is integrally 
formed with the rest of the tumbler and includes a bottom 
322 which has a meniscus portion 324 and a base sidewall 
326. Base sidewall 326 is thicker than sidewall 314 and has 
a slight taper. 

Tumbler 310 is optionally provided with a "cut-glass" 
molded-in design 328 which is most clearly seen by refer- 
ence to FIGS. 3{b) and 3(c). The molded in design defines 
a series of triangular ridges which are deeper in dimension 
than the wall caliper of sidewall 314, thus providing strength 
by way of corrugation. The molded in cut glass grooves 328 
have a wall thickness the same as the rest of the tumbler and 
a depth of up to about inch as shown. 

Base sidewall 326 extends upwardly to define an outer 
edge 330 which attaches to sidewall 314, Sidewall 314 
extends upwardly to fortified rim 316. Rim 316 is integrally 
formed with sidewall 314 and is a continuous generally 
circular or oval, solid polymer bead extending about periph- 
ery 318 of opening 320. Rim 316 has a width indicated at 
331 which is defined by the difference between an inner 
14. In the example shown in HGS. l(a)-l(c), adjacent diameter 332 and an outer diameter 334 of rim 316 and a 
sidewall portion 38 has a thickness of 10 mils, height 35 is 50 height indicated at 335 which is the longitudinal distance 



10 



15 



20 



25 



30 



35 



45 



flpprn Yimatel y mils anH the- width at ^1 is apprnximarply , 

40 mils at its thickest point 
Other dimensions of tumbler 10 are indicated on FIG. 
^r(a). Base p6ftioh'r2Tias a diameter Dpat edge'30'^'aB^t 
2rl-25^inches, an outer upper diameter 34 of 2.770 inch^fe 
inner upper diameter 32 of 2.730 inches. The overall height, 
H, of tumbler 10 is 5.785 inches/These dimensions define an 
angle of taper T as shown about imaginary central axis 40 of 
about 3" for sidewall 14 of tumbler 10. As used herein 
"taper-r^egree^ftaper^^^^ 

»-an^c-that.the.sidewall o£theiaveiitLve4umbIerjnakes-with- 
the imaginary central longitudinal axis defined by the side- 
walLwhich- is substantially .perpendicular-to- boaom.2g^e 
taper of the article may also be thought of as the angle the 
sidewall makes with the bottom less 90 degrees. 

FIG. 1(c) shows a molded in- swirl design 28 which 
extends from base portion 12 to roughly 50 percent of the 



over which the width at 331 extends. The width at 331 is 
thicker than adjacent sidewall portion 338 which is typically 
of the same caliper as the rest of sidewall 314. In the 
e'xaihple shown, adjacent sidewall portion 338 has a thick- 
55 ness of 20 mils, the height at 335 of the rim is approximately 
28 mils and the width at 331 is approximately 40 mils at its 
thickest point. Other dimensions of tumbler 310 are approxi- 
mately identical to those of tumblers 210 of FIGS. 2(a) and 
l{b) and ttmibl er 10 of FIG S. l(a)-l(c). Tumbler 310 ius 
60"has-a-taper of ^pBifcM* 

^TumWer-310-is-particulariy rigid -due to , the - triangular 
ridge "cut glass" pattern 328 which extends upwardly from 
the base over about 40% of the height of the glass, forming 
a grip for the user, as can best be appreciated from FIG. 2{b), 
65 As can be seen from FIG. 3{bX the ridges are accordion 
shape when viewed in section, wherein segments have flat 
surfaces 344 having a width of one quarter of an inch or so. 
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^^shown in RGS. 3(c) and 3(^, there is an angle, S, 
^^Fetween connectia segments ortSO-degrees and each in- 
gaigular segment extends over an angle SI of about 13 

egrees-of the periphery-<)f-th6^tumbler;==~ tt - ■ 
M3RefSting'lo-'nGr4(a)fthere-is^schematieaIly..dcpicteda 
Ifip curl characteristic of prior art disposable drinking cups. 
Inr general, such prior art cups have a sidewall 414fl of a 
Irivcn thickness ■^rc'h"extena-s upWardly imo a cuil 
ifierany-indicated-at-450,. The curl has a eharaetenstie 
liffiSr^R— as"^l^as-a''height--Ha-and-a_vvidthJya--S"cn 

^tures are sometimes called "open top curls" and inay be 
^Tfor example, in UrS. Pat. No. 4,54G,543.-See.HG. 4 



formed with the rest of the tumbler and includes a Iwttom 
622-which .has a meniscus portion 624 and a base sidewd 
626 Base sidev^all 626 is typically thicker than sidewall 
614, and has either no taper, or a rcycrsc taper from the taper 
of sidewall 614. 

Tumbfer"610 is optionally provided with a molded-in 
design 628 which is more clearly seen by reference to FIGS. 
-6(f,)^and.6(o).-Molded in designs may define ndges which 
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Sfficfeof at 31 



TFI G . 4(fc) sc hefiatically depictsin sectionand elevaUon a 



^^^>l5mi^bekd^b"Gut the-upper:perip 
" Sihat is,. an embodimentof the fori^fied rim of the present 
linyention which extends around" the upper penphe^ of the 
.^r iiiventive tumbler; The tumbler has ' -a -sidewall 414i; of 
Mckness D^. The fortified rim, 416b is formed of solid 
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25 



polymer integrally formed widi sidewall 414b and has a 
-height H^-and^width-W^ as indicated. Inasmuch as cro^s 
"section of the embodiment shown in cjjrcularrthe width ^ 
is approximately equal to the height fiSV^. 

- Bead 416b has advantages over the prior art top curl, 
whether or not one is seeking to mimic glassware. For one, 
i^unded and will not tend to snag on the mold or snag with 
aTup cover as#prior art top-curls. For another advantage, 
a bead type top rim can more compactly provide ngidity to 
a cup than does a top curl, with less width. While polymer 3^ 
bead 416^7 is shown as circular in cross section, other 
profiles may be suitable for example, conic sections such as 
ellipsoid shapes of truncated conic sections or profiles such 
as truncated conic sectio^cluding a semi-cu-cle or a half 
ellipse. 

As noted above, tumblers in accordance with the present 
"invention" ie produced by injection blow-molding. Opti- 
cally opaque materials may be .used,, however, optically 
transparent polymers are usually preferred. Particularly pre- 
ferred polymers include crystal polystyrene available from 
Dow Corporation, Midland, Mich., grade 685^pis polymer 
may be used- to produce the.iaventiye tumblers by tiie 
method of U.S. Pat. No. 4,540,543, the disclosure of which 
is incorporated herein by reference. The subject apparatus 
and method is generally shown and described in connection 45 
with no. 5. 

There is illustrated in FIG. 5 an injection mold 555, a 
blow mold 557 and an ejection station 559. Together with 
core 561, mold 555 defines an injection mold cavity wherein 
a parison 563 is injection molded. Core 561, mold 555 are 50 



35 



40 



provided with passageways 565 to apply fluid pressure to aid 
processing of the tumbler noted in the "543 patent^fter 
^injection'moldingrparisonr5^is:dEtame4.on:.c«e:#- - 
-moved,to-blow-mold 5S7..Parison 563 is of predetermined 
volume and has at its upper periphery, a.forufied nm 516 m 55 
accordance with the invention. The parison is expanded to 
the desired shape in blow mold 557 to a volume of from 
about 1.5 to about 4 times its former volume on core 561. 
■■jais^)TOCCss.imparts.biaxialjMi gntation to the article, redu c- 



are deeper in dimension than the wall cahper of sidewall 
614,- thus-providing strength by way of corrugation, much 
iSTaFiTkiro^ in connection witii cardboard. The design 
shown.is:aii:altoating.5aw-toot^ type, slightiy curved, with 
larger curves alternating witii smaller curves about die entire 
periphery of the tumbler. The design is also operative as a 
gri^Ifbra'use^^^^ sidewall is substantially 

altered. 

-Base -sidewalk 626 extends upwardly to define an outer 
edge 630 which|Bttached to sidewall 614. Sidewall 614 
extends upwardly to fortified rim 616. Rim 616 is integrally 
fonhed with sidewall 614 and is a continuous .generally 
circular or oval, solid polymer bead extending about periph- 
ery 618 of opening 620. Rim 616 has a width indicated at 
631 which is defined by the difference between an inner 
diameter 632 and an outer diameter 634 of rim 616 and a 
height shown at 635 which is die distance over which the 
width indicated at 631 extends. The width 631 is dicker ton 
adjacent sidewaD portion 638 which is typically of die same 
caliper as die rest of sidewall 614, diat is, sidewall 614 is 
substantiaUy uniform in diickness on die entire timibler. In 
the example shown, adjacent sidewall portion 638 has a 
diickness of 20 mils, height 635 is approximately 28 mils 
and widdi 631 of rim 616 is approximately 40 mils at its 
thickest point. 

The odier dimensions of tumbler 610 are indicated on 
FIGS 6(a) dirough 6(c). Base portion 612 has a diameter,fK 
at edge 630 of about 2.125 inches, an outer upper diameter 
^iSf 3 32 inches and an inner upper diameter 632 of 3.279 
inches. The overall height, H of mmbler .lO is 4.75 inches. 
These dimensions, as can be seen from HG. 6(c), define aii 
angle of taper T as shown about imaginary cential axi^HE)t 
about T for sidewall 614 of tumbler 610. As used herem, 
"Uper'', "degree of taper^', or like terminology mdicates die 
angle that die sidewall of die inventive tumbler makes widi 
die imaginary central longimdinal axis defined by die side- 
wall which is substantially cyUndrical or conical depending 
upon die embodiment. Inasmuch as die sidewall is substan- 
tially perpendicular to bottom 622, die taper may also be 
diought of as of die angle die sidewaU makes widi die 
bottom less 90 degrees. 

HG ^(c) shows a molded in "sawtoodi" swirl design 628 
which extends from base portion 612 to roughly 65 percent 
oLtheieight of tumbler 610. Design 628 is comprised of 
wall embossments at least as prominent as die cahper ot 
sidewall 614. Typically die molded in ridges of^die design 
are about as deep as die wall caliper. Thus, design 628 
substantially , alters die topography of sidewall 614 and 
provides a secure grip for a user. £ 

There is shown in FIGS. 7(a) diroiigh 7p anodier tiim- 




"and i ^ jmS biaxial toughness to the arucle. 
-JTherc is-shown in FIGS. 6(a) through 6(c) a tumbler 610 
constnicted in accordance with the present invention. In 
general tumbler 610 has a base portion 612, a sidewall 
portion 614 and an upper circular rim portion 616 which 
extends about the periphery 618 of an opening 620 of 
tumbler 610. Base portion 612 of tumbler 610 is mtegrally 



-tiWT\jmbiCT7-10-ffiS=^a^base portion 71-2ra«id^^^ 
714 and an upper circular rim portion 716 which extends 
abeut-the-periphery-7.18 of an.opening 720 pf wmblw 710. 
Base portion 712 of tumbler 710 is integrally formed with 
65 the rest of the tumbler and includes a bottom 722 w^ch has 
a meniscus portion 724 and a base sidewall 726. Base 
sidewall 726. is typically thicker.than sidewall 714, and has 
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a reverse taper from the taper of sidewall 714, as can be seen 
from FIG. 7(ay 

-~TunibIer-740 is optionaJiy^jrovided with a'fluted'm 
in design 728 which is seen by reference to RG. 7(b). Each 
--flute~-T19-is substantially a flat, -rectangular shape and 
approximately Jp^grei^^^ 

glass. Molded-in design 728 provides strength as is known 
in connection with injection molded drinking vessels. Base 

-^.sidewaH-726-emends-Qp wa r dlytu-definc - an outer edge 7 3 0 

which, attaches to sidewall 714., Sidewall -714 extends 

upwardly t o forti fied rim 716. . ^. 

^^11^ is jntegially, formed ..withisidewall 714.and is a 
continuous-generally-circularorovati^solid^polyme^ 
extending about periphery 718 of opening 720. Rim 716 has 
j^dth Jndicated^31-w4uch4s.defined-by-^ difference 
, ^^ween^,inne^^ outer diameter 734 of 

rim 716 and a height shown at 735 which is the distance over 
wWcfr the-widtfrindicated"ar73r extemirThe widtf indi 
eated at 731-is: thicker than adjacent :sidewall portion 738 
which is typically of the same caliper as the rest of sidewall 
714. In the example shown, adjacent sidewall portion 738 
has a thickness of 20 mils, heighi^^is_approximately 28 
nuIsTand width:73i is : approximately' 4d^mils at its^thickest 
point. 

Other dimensions of tumbler 710 are generally as indi- 
cated in connection with tumbler 610 of FIG. 6. Sidewall 
714 of tumbler 710 has a taper of approximately 6.5 degrees. 

The tumblers of HGS. 6 and 7 have* the fortified rim 
design of the present invention wherein the rim includes a 
spherical or elliptical solid polymer bead. Typically, this 
bead is twice the tiiickness of the adjacent sidewall or more 
as was discussed in connection with HGS. 4(a) and 4(b) 
above. That discussion applies equally to the embodiments 
of FIGS. 6, 7, 8 and 17 as will be appreciated from the 

foregoing and subsequent discussion 

Salient features of the inventive tumblers include the 
biaxial-inducedr toughness of the. blow-mblded article, as 
.^.f^lS^ rigic^ty achieyedby combining.arelativelyJow taper 
with a fortified upper rim. Conventional blow-molded cups 4^ 
typically include a very prominent curied lip which is not 
consistent with glassware and tends to make the article 
"??PP???j?g,??r everyday use , or: for. use with guests. 
Moreover, the rim is larger than a comparable rim on 
^^l'^®-^ °^ the inventipn such.that there is.more,rim stress 
upon flexing, especially in connection with larger volume 
tumblers as will be appreciated from the following 

There is shown in FIG. 8 a tumbler 810 which is con- 
structed in accordance with the present invention. In general, 
tumbler 810 is cylindrical or in the shapeof a truncated cone 
and has a b ase portion 812, a sidew all portion- 814 and an 
— napper circularlim portion 81Flv^ the 
periphery 818 of an opening 820 of ^tumbler 810:^Base 
.,^pprtion.812.o£jtun^ 
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width indicated at 831 extends. The width at 831 is thicker 
than adjacent sidewall portion 838 which is typically of the 
same caliper as the rest of sidewall 814, that is, sidewall 814 
is substantially uniform in thickness on the entire tumbler. In 
the example shown, adjacent:^s_idewall portion 838 has a 
thickness of 20 mils,,the_height^at:835 is approximately 28 
mils and the width at 831 of riift 816 is approximately 40 
mils at its thickest point. Thejumbler is also provided with 
a scries of molded-in grooves 841 which extend around the 
tumbler. These grooves Provide a grip for users as well as 
providing.rigidity to^the~articl^."-^^; 

7 Other dimensions df-tumbrCTi8il) "^ indicated on FIG. 8 
and Table 1 in connection with thertumbler of FIG. 8^) as 
shown schematically in FIG.-4(i*)rBase portion 812Tbas a 
djameter dl, at edge 830 of about iSonches, an outer upper 
diameter 834 of 3.38 inches and aiTinnerupper diameter 832 
of 3.32 inches. The overall height,~H^of tumbler 810 is about 
4.6 inches. These dimensions define^an angle of taper T as 
shown about imaginary axis 840 of ab^ut 5° for sidewall 814 
of tumbler 810. As used herein, "tapeii':^;"degree of taper" or 
like terminology indicates the; angle that^the sidewall of the 
inventive tumbler makes with the longitudinal axis defined 
by the sidewall which is substantially cylindrical or conical 
depending upon the embodiment Inasmuch.as the sidewall 
is substantially perp^dicular to bottom 822,, the taper may 
also be^^h of as^the angle the sidewall-makes with the 
bottom less 90 degrees, because the axis of the tumbler is 
substantially perpendicular to bottom 822 as shown. 

Referring again to FIG. 4(a), there is schematically 
depicted a lip curl characteristic of prior art disposable 
drinking cups. In general, such prior art clips have a sidewall 
414a with a portion 438a adjacent the curl of a given 
thickness which extends upwardly into a curl generally 
indicated at 450^. The curi has a characteristic radius as 
well as a height and a width W^. Such: structures 'are 
sometimes called "open top curls" and may be seen, for 
example, in U.S. Pat. No. 4,540,543. See HG. 4 thereof at 
31. FIG. 4(b) schematically depicts in section and elevation 
a solid polymer bead 416 about the upper periphery of a 
tumbler, that is, an embodiment of the fortified rim of the 
present invention as is also shown in FIG. 8 hereof which 
extends around the upper periprayWlirenhvei^^ 
The tumbler has a sidew^ 414^? with a portion adjacent rim 
4i6£> of-thickness;D2jpe fortified rini,^^^ of 
solid polymer integrally formed with sidewaU 4146 and has 
a height H^, and widtfr-Wi,^as^indical^trIri^ the 
cross section of the embodiment shown is circular,, die width 



50 



of the tumbler and includes a bottom 822 -which -has a 
meniscus poriipn 824 and a base sidewall 826. Base sidewall 
826 is typically thicker than sidewalL814,.and-tiasleither-no - - 

taper, or reverse taper from the .taper_o£ sidewall-814. 

Base sidewall 826 - extends upwardly to^define "^an" outer 
edge 830 which attaches to sidewa HJIH, Side^^^^^^ 



is approximately equi^ to the heighrH^^^^ has 
advantages over the prior artVtop curi..Fbr one^ it.is rounded 
„ ... and- wiIlVnot:tend.to-snag;oriAthe^^^ a cup 

cover as do prior art top^curls..For;another'advantagei a bead 
^ ^yP^" yP""°^ ^^an"iBor^e'conipaM^ a cup 

~^than does a top curl, witir less widt&asliemoiistrated below 
in Table^l j-even^ foM-relatively-laige^elume-container such 
-as:-that-shown-iii-FIGr8r->-;^*#^'>^v^=-- ■ ■■ ■■ 
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- cxtends-upwaidly^to-for^^ 



^^ImEacLojTDinKnsions;^ 



"Comaiue'r - 



"formed wiin sidewall 8I4 and is a continuous genSraliy 
circular or oval, solid polymer bead extendin g about pe riph- 
- eiy -818^df qpeiOTg^ 
831 which is defined by the difference bet w'^r an iniiCT . 6^^^^^^ 
diameter 832 and an outer diameter 834 ,otrim.816 and-a .:cTop;.Curi.CaUp^.:inches:;: 
height shown at 835 which is the distance over which the - - - — :.^..„.r;i.™ u^-.,. 



-Tfebler of 
.FIG. 4{b) 
^Qip.ofJEIG^a)r~.^,and HG. 8 
T -:QReq:Rigi' .r./SoHd Rim 
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Impaci of CHmcnsions Upon Rigidity 



Container 



Cup of FIG. 4(a) 
Open Rim 



Tu mbler of 
'"FfG. "4(5)"' 
and FIG. 8 
Solid Rim 



Top Curl/Sidewall Caliper Ratio 

Top Curl Width, Inches 

— TaperrBe g i ec s " — " 

_ I psi<^'*- hpig ht, Inches _ _ 

Upper-Inside- dianieter. Inches — 

Lower Inside diameter. Inches 

Volume,- Ounces 
- - RigidityrtBS/e:25'^flection - - 



1.00 
-6.084 . 
— 5t0=— 
4_.584_ 
, 3.3250 - 
2.5200 
17.1448 
--h045" 



4-19 
0.063 
^S.O— 



4.584 
"332 50 

2.5200" 
17.1448 
—1:045 



• Being more compact, less hoop-stress- about-the- rim is 
generated upon flexing of the cup. While polymer tead 416^ 
is shown* as circular in cross-section, other profiles may be 
suitable for example, conic sections such as ellipsoid shapes 
or truncated conic sections or profiles such as truncated 
conie-s^Sffiftncluding- a -semi-circle -or-a- half ellipse. As 
noted above, tumblers in accordance with the present inven- 



"blow ratio") of from about 1.75 to about 3 are typical. A 
blow ratio of about 2 to about 2.5 is most preferable. Articles 
in accordance with the present invention are distinguished 
from other containers, such as bowls or other flat shapes 
5 where rigidity is not critical, by virtue of the fact that the 
ratio of the height of the tumbler to the diameter of the upper 
opening is generally in the range of from about 1 to about 5. 
Ratios of 1,25 to about 4 are preferred, while ratios of about 
T.5 to aboiif 3.5 are more preferred. 
10 An example of a. polycarbonate container in accordance 
- with"the-present invention is a "bell fountain" container 
illustrated in-FIGS. 17(a)-(c) and is described in detail 
below. The reusa ble pojy carbonate. containers are preferably 
prepared by th c^rfS^i rand economically efficient side-by- 
15 side injection blow-molding process as disclosed in afore- 
mentioned U.S. Pat. No. 4,540,543. The process is described 
below in combination with the drawings of FIGS. 9-19. U.S. 
Pat." NoT4,540,543 is herein incorporated by reference in its 
entirety. Referring to FIGS. 9-11, injection station..910 is 
20 secured in fixed platen 911. Blow stations 912 and 913 are 
also secured to fixed platen 911 and are situated^ adjacent 
injection station 910 and in side-by-side relationship with 
respect thereto, with blow station 912 containing blow mold 
916 which may be split if desired being on one side of the 



tion are produced by injection blow-molding optically trans- 
parent polymers. Particularly preferred polymers include 25 injection station and blow station 913 containing blow mold 



crystal polystyrene available from Dow Corporation, 
Midland, Mich., with the grade designation 685D. This 
polymer may be used to produce the inventive tumblers by 
the method of U.S. Pat. No. 4,540,543, the disclosure of 
which is incorporated herein by reference. The subject 
apparams and method is shown and described in more detail 
in connection with the embodiments of the present invention 
which follow. 

The present invention is directed in still yet further 
embodiments to a reusable polycarbonate container or tum- 
bler and method of making the polycarbonate container. The 
. reusable or rpermaware polycarbonate - container of the 
present, invention is made by an injection blow-molding 
process to provide a polycarbonate container which mimics 
the aesthetic clarity of glass and polystyrene containers but 
is more durable than either glass or polystyrene containers of 
comparable caliper and shape. The permaware polycarbon- 
ate containers or tumblers include a base, a sidewall and a 
fortified upper rim. The sidewall is integrally formed with 
the base and extends upwardly from the outer edge thereof. 
The sidewall is of uniform caliper or thickness of greater 
than about 50 thousandths of an inch ("mils") to about 500 
thousandths of an inch. Preferably, the caliper of the sidewall 
ranges from about 75 rails to about 375 mils. While the 
tumbler in accordance with the invention is generally cylin- 
'driM~in^verall^haperthe~sidewaliiJreferably4ias-either a 
uniform or non-uniform taper from an imaginary central axis 
frnm the base to^ the, opening. The height , of the tumble r is 
firom about 5 to 10 inches. At the upper extremity of the 
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917 which may be split if desired being on the other side. 
Blow molds 916 and 917 are in the shape of. the hollow 
articles to be made. Ejection stations 914 and 915 are also 
secured to fixed platen 911 and are situated adjacent the 
respective blow stations in side-by-side relationship with 
respect thereto, with ejection station 914 situated adjacent 
blow station 913 and ejection station 915 situated adjacent 
blow station 912. Core 920 is provided secured to movable 
platen 921 engageable with injection station 910 as shown in 
FIG. 9. The injection station 910 includes mold wall 922. 
Thus, when core 920 is engaged with injection station 910 
as shown in FIG. 9 the core 920 is spaced firom the mold wall 
922 to form mold cavity 923 therebetween. Injection means 
924 is in communication with mold cavity 923 and is 
connected to a source of hot flowable plastic, i.e., 
polycarbonate, (not shown) for forcing said hot formable 
plastic under pressure into mold cavity 923 to form parison 
925. Core 920 is movable into and out of engagement witii 
injection station 910 by movable platen 921 actuated by tiie 
motive means shown schematically in FIG. 9 and to be 
described in more detail herein below. Naturally, the move- 
ment of platen 921 may be accomplished by conventional 
means, shown only schematically in FIG. 9, which are 
capable of providing a clamping force between the two 
platens to keep them from separating during the injection 
step and the other steps which will be described below. It 
should be understood that while movement of platen 921 is 
described, one may of course move platen 911 or both 
platens 911 and 921, if desired. The hot, newly formed 



60 



sidewall Is a fortified fim which" serves to impart rigidity to 55 parison or container 925 remains in mold cavity -923 until 

' sufficientiy cooled to be removed, if desired using cooling 

means 926 adjacent mold wall 922, as for example, by fluid 
circulation. If desired, such cooling means, may. also, be 
provided in core 920. After such cooling ofparison 925, the 
clamping force-~is" released and platenli^ls moved away 
from--platen^P?arrying -with-it corer920-and^parison-925 
adhered thereto. If a neck mold is used^to form a threaded 
neck:Lportion_the;..neck„mold is operable by conventional 
means and remains closed during the formation of the 
parison, removal of the parison from the injection station 
and blowing, which also aids in retention of the parison on 
the core. In the present embodiment, a neck mold is not 



the tumbler. The fortified rim area has a finite width and 
height botii of which exceed the thickness of the adjacent 
sidewall. The rim is at least 2 mils tiiicker than the adjacent 
sidewall over a height of at least 2 mils; preferably, both the 
width-ancnHEHSgELoJ-thfiLrini-arelfirom. about 1.1 to about 
— 4"Tiiritsr tlie " th ic k ii es s of th e ad j ac ent^dewaHr^e-base — 
ranges from about 1.1 to about 8 times, preferably, fi-om 
about-lft-to^about^times-^the- thickness of- the-sidewalL-- - 
Generally speaking, - the tumbler in accordance with the 
invention, has a volume of at least 1.5 and up to 4 times the 65 
volume of the injection molded parison from which it was 
prepared; while volume ratios (sometimes referred to as 



us 6,866,905 Bl 



19 



20 



employed and both the parison and final article have a 
cup-shape d configuration as seen in^thedrawings and clearly 
shown m FIGI D'anB'FRjT 17, In such configuratron, the top 
or mouth of the container (mold) is about as wide or wider 

" than-the-^diameterolnfie iCTiaindCT mold. 5 

-Thus;^pmsGm925=has=a=^e-p^OTtion^930f rim or 

lip 931 and outwardly flaring side walls 932 extending from 
base 930 to lip 931, Fortified rim 931 may serve as an 
undercut to aidln retention ot the"parison on the core. Core 
^O-is-provided-with-fiuid- passageway 933 connected to a 10 

--souFGe^f=4uid^essuFG*^fop-blowin^&c^Hal--article.--lf - 
desired^a_vacuum:may-be drawathrough.passageway 933 to 
aid-:iir retention- of the -pari son on^ the"corer^ Gore 920 with 
parison 925 thereon is then moved to blow station 913 as 

- -showH-in^?IG&-10:^d-ll-in^a-maBneF-whieh first separates 15 
thelpffisffi:fMiltlie;inoli^^ moving parison core 

920^axi^ally in a straight, path away froni said mold wall at 
leasi'unHI thiTpr^ followed 
by fnovement in a substantially arcuate path into axial 
alignment with blow station 913 and blow mold 917, fol- 20 
lowed by moving the parison core axially in a straight path 
into blow mold 917. Parison 925 is then expanded on core 
920 in blow mold 917 by fluid pressure through passageway 
933 to form hollow article 934. FIG, 9 shows core 920 
engaged with the injection station. FIG. 10 shows core 920 25 
with parison 925 thereon removed from the injection station 
on its arcuate path between injection station 910 and blow 
station 913 with platen 921 and core 920 at the peak of their 
arcuate path. FIG. 11 shows core 920engaged with blow 
station 913 forming hollow articl^^^ therein. After the 30 
formation of hollow article 934, core 920 is removed from 
blow station 913 leaving hollow article 934 remaining 
therein and rettimed to tiie injection station along paths 
corresponding to the path taken by core 920 from the 
injection station 910 to the blow mold 917, that is, the core 35 
is moved axially in a straight path away from blow mold 917 
followed-by movement-in a substantially arcuate path into 
axial alignment with said injection station, followed by 
movement ta^ in a straight path into said injection 
station for repeat of the cycle. 40 

Second core 940 having fluid passageway 945 similar to 
passageway 933 is provided on movable platen 921 adjacent 
core 920 in side-by^ide relationship with respect thereto. 
Second core 940 is engageable with injection station 910 
when core 920 engages blow mold 917 to form a second 45 
parison in an overlapping cycle with respect to core 920. 
Thus, second core 940 engages injection station 910 to form 
a parison 925 in a manner similar to the formation of a 
parison on core 920 in the injection station 910. The 
formation of a parison on core 940 takes place while core 50 

"920-is-in-the blow-mGld'917^orming-the-hollow article. Core 

940 carrying a parison 925 is then removed from the 
inj ection station and transfOTed to blow st a tion 912 and 
biow'moid 9l6 in a path corresporidihglb' the transfer path 
"of-core-910n:o-1>low-station"913 and blow mold 917 for 55 
formation of additional hollow article 934 in blow mold 917. 
The"tiarisfef W"cor&"940 to' blow mold 917 takes place 
simultaneously with the return of core 920 to injection 
station 910. After removal of core 920 from blow station 913 
"h ollDW "artiite'934TemainsTirblow mold 917ritoiiow-arti€ie 60 

~934^9iTCSpOT4s=iT)Fsi^e^neraH^ 

expanded configuration caused by the blowing step. Thus, 
„article:i934ias;a:baseiiportion:94l7rfortified.rims or lips .942 

and outwardly flaring side walls 943 extending from base 

941 to lips 942. The blown article 934 cools in contact with 65 
the walls of the blow mold which may contain cooling 
means 944, as for example for cooling by fluid circulation in 



a conventional manner. Article- 934 may be retained in the 
blow mold by any desired memis as by applying a vacuum 
to the inside of the blow" mold or providing means on the 
blow mold to engage lip, 942. 

Ejection core,, ?56^£m_d^sec^Dnd^^ core 951 are 

provided on mo vable:platen9^tad^^^ and in side-by-side 
relationship to -cores 940-and'$^0i"wi^ ejection core 951 
alongside second core^O.-Tlm^^ w^^ cores 920 and 940 
"leavF^HFr^pecfiv^'^ 916 with the 

hollow articl es remaiTiing therei n: for^retum to the injection 
stfflon^yect^ into engagement 

.with..saidJioUow_articles^ along patiis 

corresponding to the paths%f cores 920^arid 940. Cores 950 
and 951 then disengage IfromTthe/blo^^ niolds removing 
hollow- articles 934 -witii A^ die blow 

stations~t(ftKe^jectioirstaaio5^ to 
the paths of cores 920Jand 940:: Remov^ of hollow article 
934"6nto^tHeejectidn cor^ assisted by pusher means 

952 operatively associated :WiAMb^ ^ and 917 for 

positively pushing aiticle_934^a^ blow molds, 

see FIGS. 12 and 13. Mso, eje'ctidn^qieifS^SO and 951 may 
be provided with fluid passageways. 953 connected to a 
source of fluid pressure (not shown), see FIG. 13, which may 
be used to draw a vacuum and aid in removal of hollow 
article 934 from the respective blow inolds'. The finial hollow 
article is then transferred to the respective ejection station, 
which may incorporate any suitablerejection nieans as the 
chute, suction tube or other conventional means to convey 
plastic articles. Removal of article 934 from the ejection 
cores 950 and 951 at ejection stations 914 and 915 may be 
assisted by flow pressure from passageway 953 and also by 
stripper 954 including stem 955 to which a widened cap 956 
is attached (FIGS. 12 and 13) movable axially via motive 
means (not shown). After removal of the hollow article 934 
at the ejection stations the cycle is repeated. The apparatus, 
particularly for use with cup-shaped articles, assures holding 
of the articles concentrically on the mandrels and effecting 
reliable transfer as shown in FIG. 13. 

In operation, the parison is transferred into blow mold 917 
as above described and blown into final shape therein, 
followed by insertion of mandrel 950 which is shorter than 
the depth of the blow mold. In order to remove the blown 
article 934, pusher plate 952 is advanced forcing the blown 
object onto mandrel 950 which is then withdrawn. If desired, 
vacuum may be applied through passage 953 better to assure 
adherence of article 934 to the mandrel during withdrawal 
from the blow mold Clearly, pusher plate 952 and the 
stripper cap 956 may also be used to shape the portion of 
article 934 between them. If a rim undercut is embedded in 
the blow mold, it is overcome to effect release from the blow 
mold by the action of pusher plate 952 which has a stroke at 
least sufiBcient for the length of said undercut, it being 
understood that a given article may exhibit more than one 
undercut. In this manner, sticking of the finished article to 
the blow mold is avoided. Subsequentiy; mandrel 950 car- 
rying article 934 is aligned with removal devices as 
described above and, since all relative movement between 
the mandrel and the blow mold may.be precluded due to the 
close fit of the mandrel and the article at the neck of the 
article, which may be an interference fit of an undercut, and, 
if -necessary-^-due -to the vacuumr the;;:?^] ^ 
consistent from cycle to cycle. Upon ^ignment with the 
ejection station, the vacuum if theretofore applied through 
channel 953 is released and stripper 954 is actuated to urge 
the article into engagement with the ejecting device by 
positive mechanical means. The advantage of this arrange- 
ment compared to previous practice is in its reliability. 
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preventing intemiplions of the operation and thereby 
irnnroving efficiency. While the foregoing de scnption shows 
. , . ,j 1 ,^ ;, will' nnnirallv be 




-SB??- 
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any conventional means, e.g. fluid actuators or 'by' cam":" 
action. If by fluid actuators, it is readily. possible to-inttiate-T- 
their movement and thus also that of platen 921 by a-liinit | 
switch placed to be tripped by platen 921 as soon as said . 
platen reaches the distance from platen 911 at which Uie;.- 
lateral movement of core 920 can lake place unimpeded.'lf r 
by cam action, fixed cams in the shape of curves A and B of 
FIG. 16 may be used and platen 911 may be equipped with 
"corresponding cam followers, to the effect that the axial 
movement of platen 921 will at the same time induce its 
lateral movement according to the cam path. Other means to 
produce the same result may be employed so long as the 
lateral movement of platen 921 is effectively controlled by 
its axial movement, whereby said lateral movement accom- 



a single injccUon mold and core set, it will naturally be 
understood that mu ltiple injection mold and core sets may 
readily be employed, 76r-exOTiple,-afran-ged;sidc;*y=side or 
'-in-several'Wwsr--Thus,'it can-be-seen;:that=tiie=process.and.. 
apparatus of U.S. Pat. No. 4,540,543 obtains sigmficant 
advantages. The overlapping cycles enable plural operations 
to be conducted simultaneoiisry. While Core 920 is engaging 
injecti^on-station:910 to form a .first parison, seeoHd-eere-940- 
~is-engaging-blew--raold-9l6ao-foriiua=£aal=article=^4^ 
seeond-ejeetion..core 951.is ,ejectingianhpUow-aiticle 
ejectionrstation -915 and e3ection~eore?950rts-CTgagin^:a.. 

hollow article at blow station 913 for removal thereof, with us awm iuv.t...v..v, ^..w.^-^ — — - - -^ - ^ 

the-axiaHarcuate^and ^ax4al-movement-describ£d.Jierein-. is modates acceleration and deceleration of platen 921 accord- 

above-wviding a. considerable -advantage::in -reduction . in ing to the mass to be moved therewith. The advantage of this 

cvcle ttae wWch of course is a prime consideration in this improved arrangemem is evident from the gain m eye e 

?Th?Sied "dry cycle" is that • parr ofThe- total tinJe. Thus. in the case referred to hereinabove tiie dry cycle 

opmting cycle of tiie apparatus described in FIGS. 9-11 of the injection clamping apparatus is reduced from approxi- 

wSis not attributable to process related factors but only 20 mately 4 seconds to approximately 1 .2 secoiids. of which the 

7o£ rcSaS, lateral shifting of platen 921 takes only 04 to 0.5 second 

SieSTcle divides into the dry cycle and the process including acceleration and decelerauon. This -Prc^^nient 

cv2 SiScL blow-molding operation, tiie pressure is particularly noticeable in connecUon witii mechamcal^g 

cycle. In an "Jf ™ / longer than tiie toggle or crank clamping mechamsms which are favored for 

mS rb"- tle'^iov^ If the blown . rajfd acting injection clamps over A-d a^-^ cl^ps^^ 

a^ckTheS tiiree steps overlap so that while one parison the former, the clamping apparatus, which is of tiie fixed 

rteLmoldeTSotJ J is being blown and still anotiier is stroke" type can be used to induce tiie movement of p^en 

L^g^m^d rr ^ving befn blown. Accordingly, tiie 21 during tiiat portion of its 0P^-«| -^m^'cL^^S 

longest of diese tiiree steps determines the overall process respectively which ,s m excess of ?f J"™^*^ '^^^^^ 

cvde Considering tiie injection molding step by itself it is 30 between core 920 and mold 917. Cores 920 and MO^^ 

£h thrtLT^ess of pressure molding md cooling tiie equipped with fluid passageways terminating m so-called 

SnstffideS^tob^r^^^^^^^ bU^ots 970 as shown in HG 14 in order to effect blowmg 

E ZiTone (1) second for a polycarbonate cup referred of tiie preforms in tiie blow molck^ as is known m die art. If 

S^t^ ie d« dTc^cle of tfe injection mold clamping permanentiy open, die blow slot 970 

aoMTsaptto^e nearly four (4) seconds in a con- 35 to conventional design of a source of pre^me A^id jd a 

v^SSXv'?! mTL cycL as suci being tiie greatest source of vacuum via fluid passageway 978 whereby the 

ZTkT to^^clt^Sild not tii^fore be reduced change from one to tiie otii^ is effected by a conventions 

Saul of ie time consuming movement of tiie core valve in order for tiie dual Action of tiie blow slot to 

Sly away torn tiie injection mold, sideways into readily accomplished as ne«Ied durmg '^,«'=tion ^ °P^°- 
^^ent tiiVblow mold and towards flie blow mold, 40 ing oftiie injection mold, and tiien during blowmg. The Wow 
SS — ofsam^T^sistrueofpriorUnearand --beform^^^^ 

Tr^ce With the present -entio. howev. the c^--~^^^ Z^^^^r^ 

turn is connected to a motive means (not shown). It is 
necessary to control the opening and closing of blow slot 
97Q mechanically in the following sequence: the blow slot is 
closed and held in that condition while injection of the 
plastic into the mold is initiated and almost immediately 
thereafter is opened; alternatively, it may be kept closed unul 
the filUng of the mold is accomplished and opened only 
thereafter. Vacuum is applied while the blow slot is open and 
55 maintained as core 920 or 940 is moved away from injection 
station 910 (see HGS. 9 and 10). The blow slot remains 
open and vacuum is maintained while the preform moves 
from the injection station into the blow station, at which 
ana yvj lu time, by suitable valving, the vacuum is broken and fluid 
„ ^ . ^. . . ■ fnllnwrd bv 60 oressure applied inside the preform to expand it into the 

SSSr964 and 965 ^^ow the approach to the 

blow^nolianddie position shown m FIG...16.,NaturaIly,Uie P™^" "^P^^Xd^^^^ tiie case of an operable slot. 



ary cycic tunc oiiu fcui*^ i*^*****^^ — — ^ 

Referring to FIG. 16, the movements of movable platen 921 
are shown diagrammatically, which will of necessity include 
the movement of the cores thereon. Thus, when platen 921 
moves from the position in HG. 9 to the position in FIG. 11 
a given point on the platen will follow curve A. The return 50 
Wvemenrwiil-follow-curve^r-As-platen-921 moves^away 

from platen 911 the section on curve A from location 960 to 
^1 rppresenls movement from the closed positionj)f FIG. 
' 9 to feat point at which movem'erit of core 920 with parison 
"925 tfiEeon may occur laterally without mechanical inter- 
ference: As soon as location 961 is passed said point starts 
its lateral movement which is subdivided into three (3) 
sections, namely between locations 961 and 962 in which 
acceleration is taking place, then between 962 and 963 m 
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to atmosphd^Ssed to pressurgplosed to vacuum; blow 
slot closed pS. 15 shows one embodiment of actuating the 
~blow-slot-970rAs-sho wnra'spri ng"97 5~i s providedr urging 
the movable element 971 forming the blow slot to open the 
latter. Stem 974 is provided with a fixed annular bar 976. 
Spring 975 is affixed to ste m 974 bet ween bar 976 and 
internal ridge 977 on element 972. When inserted into the 
injecdon station, the entering plastic will tend to counteract 
the-force-4)f-sprin^g-l>^5-Glos^-the'-blow--slott -When the 
pressure of the entering plastic is relieved, spring 975 will 
tend to open the slot again. How eve r, if no vacuum is 
applied, then atmospheric pressure will tend to close the slot 
or counteract the spring. Accordingly, the spring force 
chosen has to be such as to maintain the blow slot open 
agamst die atmospheric pressure so that vacuum may be 
. applied 

The total force due to atmosphere pressure counteracting 
the-spring is-of course-one atmosphere times the maximum 
projected area of the movable portion of the core assembly 
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A 7E/4. Accordingly, the force of die spring will be chosen 
well above that figure, for example, twice or three times that 
much, it being noted that the pressure of the plastic during 
injection is many times higher so that even with a stronger 
spring the blow slot will still be closed during the injection 
step. Thus, the cores may be provided with means operative 
to close the blow slot under the pressure of incoming plastic 
and to open the blow slot when the presstire of the incoming 
plastic is relieved. If the blow slot is to be permanentiy open, 
it must of course be held to a dimension precluding clogging 
thereof by penetration of the plastic while under pressure. 
That dimension is accordingly chosen according to the 
viscosity of the plastic at pressure molding temperature. In 
the case of very thin fluid plastics, e.g. relatively low 
molecular weight polyethylene and nylon, it is not possible 
to produce a narrow enough slot and to maintain it eco- 
nomically. In the case of most amorphous plastics such as 
polystyrene, a permanentiy open slot may be used. As an 
improvement, the faces of the corresponding blow core 
components forming the slot are slightiy tapered toward the 
outside as shown in FIGS. 14 and 15, i.e., the side facing 
away from the core, and they are preferably coated with a 
substance diat prevents adhesion of the entering plastic to 
metal surfaces, e.g. teflon. In consequence, any slight 
amoimt of penetration into the slot will be cured during the 
blowing step, at which time die plastic that will dius have 
entered the blow slot will be blown out. The above described 
apparatus features interact with the process, particularly 
because a critical relationship exists between the tempera- 
ture of the plastic at any given stage and die rate and 
magnitude of the forming operation to which it is subjected. 
The p rocess injection blow-molding is of course aimed at 
providing a predetermined shape of the finished article. In 
addition, in most instances, as when converting britUe 
r-plasties--into--tMn^waUed- objects- tbe" proeess~is~used" to 
_imprpve the properties of the plastic, such as strength, 
ductility, resistance to permeation, etc. by molecular 
orientation, the details of which are well known, including 
the fact that the best levels of orientation are obtained by 
conducting the forming process at the lowest temperature 
compatible with the glass transitim 
-plastic that' the chosen procedure is capable of. 
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In accordance with this invention, namely the manufac 
ture of a bell foimtain drinking cup as illustrated in^ FIG, 
17(a) from polycarbonate, the following process parameter 
can be used with the blow-molding apparatus and process as 
described in U.S. Pat. No. 4,540,543 and above. Initially, the 
polycarbonate in the form of pellets is dried to remove 



moisture. Drying conditions of 3.5 hours at 250** F. have 
been found useful in providing a polycarbonate which can 
be injection blow-molded into the permaware containers of 
this invention. Tlie polycarbonate plastic has to be pressure 
formed into the parison rapidly, hence the molten plastic 
temperature is left relatively high at from about 450** F. to 
about 700° E, preferably, from about 500° F. to about 650° 
F; and most preferably, a temperature of about 545° F. has 
been found to yield the desired parison. Injection pressures 
of 1 ,000 to 3,000 psi can be used, with an injection pressure 
of about 2,100 psi being most preferred. The parison has to 
be removed from tiie parison mold after the shortest possible 
dwell Uiiereiii ih order to rapidly proceed to the next molding 
cycle, yet widiout tending to adhere to die mold and become 
deformed thereby. For permaware, which require a thicker 
parison, the time in the parison mold„must. yield . a. stable 
parison. Dwell times in the parison mold to produce the 
polycarbonate permaware of this invention range from about 
1 to 3 seconds, with 2.5 seconds being most preferred. In 
general, the temperature of the parison has to reach a level 
suitable for orientation during the short dwell in the parison 
mold and the comparatively short time, shortened by the 
clamp action described herein, during which the parison is 
transported into the blow mold. The temperature at which 
the deformation of the parison, i.e., blowing takes place, 
should be uniformly maintained while the parison is expand- 
ing and until it contacts the parison mold. Temperatures 
ranging from about 250° F. to about 500° E, and most 
preferably at about 285° E can be used. In no case must the 
parison be damaged, nor deformed in the course of any 
operation to which it is subjected, except of course blowing. 
A blowing pressure of from about 100 to about 500 psi, 
preferably, from about 200 to about 400 psi, and most 
preferably at about 250 psi, is employed. FIGS. \l{d) 
through 17(c) illustrate a bell fountain tumbler S>79 injection 
blow-molded in accordance with the present invention. The 
tumbler can be prepared using a split blow cavity employing 
two separate halves which can be configured exactiy the 
same or differentiy to provide separate design elements to 
the tumbler. For example, tumbler 979 can optionally be 
provided with an embossing design defined by embossed flat 
surfaces 988 and ridges 1004 which circimiscribe the 
embossed areas 988. TTie design is operative as a grip for a 
user since the smooth sidewall is substantially altered. Such 
tumblers are typically characterized by a seam 1001 along 
the longitudinal axis of the tumbler. The tumbler 979 has a 
base portion 980, a sidewall portion 981 and an upper 
circular rim portion 982 which extends about the periphery 
983 of an opening 984 of tumbler 979. Base portion 980 of 
tumbler S>79 is integrally formed with the rest of the tumbler 
and includes a.bottom 9^5, a base sidewall 987, and an inner 
face 989 attached integrally to sidewall 981. Tumbler 979 as 
shown is characterized as a "bell fountain" tumbler in which 
sidewall'981 elctends upwardly to convex portion 990 which 
extends to^concave-portion 991-and extends to fortified rim 
982. Rim 982 is integrally formed widi sidewall 981 and is 
a continuous-generally-circular or oval, solid polymer bead 
extending about periphery 983 of opening 984. Rim 982 has 
the advantages that it is roimded and does not snag on the 
! g iven 60 m ol4or-snagT:widi-a cup cover as a top curl does. For another 
advantag"£;Calbea d^^tpe4Qp-rim-can more^^ provide 
rigidity and strength to a cup than does a top curl, with less 
width.,.While-.poly mer bead rim 982 is shown as circular in 
cross section, other profiles may be suitable for example, 
conic sections such as ellipsoid shapes or truncated conic 
sections or profiles such as truncated conic sections includ- 
ing a semi-circle or a half ellipse. Rim 982 has a width W 
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which is defined by the difference between an inner diameter contains the blow-molded container. This alternative ejec- 

993 and an outer diameter 994 of rim 982 and a height H lion core provides a slight pressure against the inside surface 

which is the distance over which width W extends. Width W of the container pressing the bottom surface of the container 

is thicker than the rest of sidcwall 981. Sidewall 981 is against a preformed mold. More specifically shown in FIG. 

" ' " substantia]lylim!DrTn in on the entifeTum^^ In 5 18 is the blow cavity of a blow mold lUfeuch as a blow 

a-preferred^^form-of-the-bell-fGuntain^ tumbler-shown, -side- station-913-as- shown in FIG. 11, Within the blow cavity is 

wall 981 has at thickness of 80 mils, height H is approxi- the blow-molded tumbler 1012 which includes a sidewall 

mately 100 mils and width W of rim 982 is approximately 1014 and a base 1016 which has a bottom surface 1018 

100 mils. Also, base~si9ewair98T preferably has a height or which is 16 "be" provided with indicia or other structural 

thickness'OfabouHOG-mils. -While the base sidewall 987 can 10 configurations such as printing lug 1006 as shown in FIG. 

--have-a4leight^up^tc^8-times-the4hickness^(>tsidewall-981sat^ .-y!.(.b}.—~^ 

-.--has-been-found -that under, harsh washing. conditions, the In -accordance with -the molding operation of the present 

baseteridsto deteriorate if it is about 150 mils or-more in- the inventibnrafter the blow-molding step and once the core has 

polycarbonate tumbler shown. The overall height of the been removed from the blow mold 1010 of FIG. 18, for 

-prefefred-tumbler-979-is 6.-625"inches,4nner-diameter 993 is 15 example^-an-ejeetion core 1020 is inserted into the blow 

3.25inches^ base, diameter is 2.325 inches and shoulder 990 cavity and the'nimbler 1012 which remains therein. Ejection 

has an inner diameter of 3.5 inches. As noted above, core 1020 is wide enough to contact the inside edge of 

tumblers in' accordance with the present invehtidh are pro- sidewairi014 near or at the base 1016 of tumbler 1012. Such 

duced by injection blow-molding thermoplastic optically contact is shown at location 1022. Bottom edge 1024 of 

transparent polymers. 20 ejection core 1020 contacts the inside surface of base 1016 

As discussed above, crystal polystyrene available from and pushes the tumbler 1012 against a mold 1026. Ejection 

Dow Corp oration of M idland Mich., grade 685^ have been core 1020 can also include a circumferential lip 1021 which 

used to produce tumblers by the method of U.S. Pat. No. engages the lip 1013 of nimbler 1012 so as to aid in pushing 

4,540,543. However, permaware products formed from tumbler 1012 uniformly against the surface of mold 1026. In 

polystyrene polymers using the injection blow-molding pro- 25 FIG. 18, mold 1026 is shown containing a mold configura- 

cess described above do not have a consistent durability, are tion 1028 which is capable of forming a printing lug on the 

brittle and tend to break. Advantageously, the polycarbonate bottom 1018 of base 1016 such as equivalent to printing lug 

tumblers of the present invention provide a product having 1006 shown in FIG. 17{b), Mold 1026 can be secured to 

the same, desirable clarity of polystyrene tumblers but are blow cavity 1010 via threaded connector 1027. It has been 

more durable such that the polycarbonate tumblers do not 30 found that the mechanical pressure of ejection core 1020 

break during normal use. It is often desirable to incorporate against the inside surface of base 1016 provides adequate 

ai the bottom of a tumbler identifying indicia, including the pressure against the mold 1026 to adequately stamp any 

location of the manufacturer, trademarks, even to mold into indicia or other configuration into the base of the tumbler, 

the bottom certain configurations which enable the nimbler Typically, the pressure of the ejection core 1020 against the 

to be printed or packaged. 35 base 1016 within the blow cavity to mold or stamp the base 

Referring to FIG. V7ib), it can be seen tiiat the bottom of takes approximately 0.5 second. Mold 1026 can include a 

base 985 has been molded to include a concave, fiat portion cooling channel 1030 to provide the cooling of the base 

986 which includes a rim 1005, both of which locations can subsequent to the molding operation. Likewise, ejection core 

be used to imprint product identifying indicia (not shown). 1020 can also be provided with a cooling channel 1032. In 

FIG. n{b) also shows where a lug 1006 has been molded 40 each of cooling channels 1030 and 1032, cooling fluids such 

into die bottom 985 of base 980. Molded lug 1006 can be as water can be circulated tiierein to provide die proper 

used to align \he ttimbler during any subsequent printing temperature. Subsequent to the molding or stamping 

operation. Previous to this invention, the incorporation of operation, the ejection core 1020 is removed from the blow 

such molded indicia or components to the base of a blow- cavity. Since the mandrel 1020 contacts the inside sidewall 

molded article, in particular, an article in which the wall 45 1014 of ttimbler 1012, die ttimbler is removed from the blow 

thickness was greater than 50 mil, required a separate cavity as well and transferred to any conveying station as 

noncontinuous step in which the article, such as a ttimbler described previously. The ejection core 1020 is an altema- 

needed to be taken from the blow mold at an elevated tive to the ejection core 950 showoi in FIGS. 11, 12 and 13 

temperattire, and conveyed by a separate conveyor structtire and can be attached to a motive means as described above 

to a stamping operation. For relatively thick walled stmc- 50 with respect to core 950 to provide a continuous process of 

-tores- including-those having a wall tiiickness of greater than injection blow-molding and molding die base of the ttimbler. 

50 mils, the molding of the indicia could not take place Another improvement in this invention for injection blow- 

during blow - moldin g since the fluid pressing during die molding permaware polycarbonate ttimblers in which a 

blowing step could not press tiie parison' to " be": molded sidewairtiiickness of greater thait«9^mils is provided is 

— sufiicient ly-Sara'against-a mold surface to provide accept- 55 shown in RG. 19.-nG. 19 is an alternative blow mold cavity 

able indicia or deep structural configurations to the surface configuration which is different than, for example, die blow 

such as the printing lug 1006 shown in FIG. Uib). In a novel cores sSowtrin FIGS. 14 and 15. Thus, in die previous 

aspect of the present invention, the polycarbonate tumbler of description, blowing of the parison into die molded ttimbler 

die present invention can be blow-molded and die base was achieved by directing fluid dirough a blow slot m the 

— d iereof reconfigured ^in"a~ccmtinuous~mamier^ 60-core-wfaicfa-directed the fluid at tiie base of die parison mold. 

— ite^-te=raBOVeHhe^mbreF%o^ Subsequeatty;=the^drpiessure -would work its way up the 

die tumbler away from die apparatus to a separate stamping mold and be vented from die enttrance of tiie mold. With 

-operationfslhezbase jnoldingrmediod and apparatusrwhich respNecLfefteJoimbler, die initial fluid pressure would be at 

are. novel to die present invention can be described by die.base of die tumbler and. work its way along die sidewall 

referring to FIG. 18. Thus, after removal of die core from die 65 to die ttimbler opening. In accordance witii tiiis invention, it 

blow-molding station, as described above, an alternative has been found-diat a uniform blow-molded ttimbler can be 

ejection core can be inserted into die blow cavity which better achieved by directing die fluid pressure during die 
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blow stage from the top of the mold and working down 
toward the base of the blow cavity or, with respect to the 
-tumbler^lawing-the-parison-at the opening of the-tumbler 
and working down toward the base of the tumbler Such 
-Cmfig*^9n 4s shown .in FIG, 19 which includes a blow 
J29y A^HP ^pto whic h has alread y bee n inserted the core. 
1042 which conlains the injected molded parison 1044 
contained along the outside surface of core 1042. The blow 
JiiQldJ.a40.indude&=a-mold-surfaee40464n-the"Shape"t)fthe- 
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^^iljop^.^" tumbler shown in FIG. 17(a). The core 1042 
inciudes a^low vent 1048 which releases a fluid into the 
mold lD401ieaf the entrance thereof or with respect to the 
" ;^i?t)Ier, near the opening of the.tumbler. The fluid pressure 
travels down the core 1042 blowing and pressing the parison 
1044 against mol d surface 1046 from the top of the parison 
1050 of the "parison. Blow mold 1040 also 
inciudes the base mold 1026 as described in FIG. 18 which 
allows the^molding-of-the base of-the blow-molded tumbler 
once core 1042 Js removed and ejection core 1020 is 
inserted. Mold 1026 includes a vent 1052 connected to the 
blow cavity to vent excess fluid pressure. It has been found 
that a more uniform sidewall can be achieved by blowing 
from the opening of the parison/tumbler to the base thereof. 
This method of blowing the parison has previously been 
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in which R is identical or different and denotes H, C,-C4- 
alkyl, CI or Brrpreferably^H or Ci-e^-alkyl, and in which 
X is a bond, Ci-Cg-alkylene, Qz-Cg-alkylidene, C5-C,5- 
cycloalkyene,. Cs-rCrs-cycloaJkylidene, — S— , —SO,—, 
—SO—, —-CO— or 



CH 




Examples of these bisphenols are: 4,4'- 
dihydroxydiphenyl, 2,2-bis-(4-hydroxyphenyl)-propane 
(bisphenol A), 2,4-bis-(4-hydroxyphenyl)-2-methylbutane, 

believed to have been done with resins other than polysty- 4-hydroxyphenyl)-propane, 2.2-bis-(3-chloro-4- 

rene and not to form permaware tumblers having sidewall hydroxyphenyl)-propane, bis-(3,5-dimethyl-4- 

tl^cknesses of greater than 50 mils. The reusable containers hydroxyphenyl)-methane, 2,2-bis-(3.5-dimethyl-4- 

of the present mvention are formed from aromatic polycar- hydroxyphenyl)-propane, bis(3,5-dimethyl-4- 

bonates preferably having a weight average molecular 30 hydroxyphenyl)-sulphone. 2,4-bis-(3,5-dimethyl-4- 

weight of from about 10.000 to 200,000, most preferably hydroxyphenyl)-methylbutane, l,l-bis-(3.5-dimethyl-4- 

tiom about 20,000 to 80,000, and most particularly a melt hydroxyphenyl)cyclohexane, a,a-bis-(3,5-dimethyl-4- 

'° °^ ''^^™ hydroxyphenyl)-p-diisopropyl-benzene, ^mW^- 

u' J, J • u ^ prepared by methods known to those dichloro-4-hydroxyphenyl)-propanei^ 2,2-bis^- 

skiUedm the art and more particularly by methods disclosed 35 dichloro-4-hydroxyphenyl)-propane and 2 2-bis-(3 5- 

and 2,999,835, all incorporated herein by reference. The Examples of particularly preferred bisphenols are- 2 2- 

aromatic.polycarbonates useful in practice of the invention bis-(4-hydroxyphenyl)-propane, 2,2-bis-(3,5-dimethyl-4- 

are produced by reactmg di-(monohydroxyaryl)alkanes 40 hydroxyphenyD-propane, 2,2-bis-(3,5-dichloro-4- 

05isphenols) or dihydroxybenzenes and substituted dihy- hydroxyphenyl)-propane, 2,2-bis-(3 5-dibromo-4- 

droxybenzenes with derivatives of carbonic acid such as hydroxyphenyl)-propane and l,l-bis-(4-hydroxyphenyl)- 

carbomc. acid diesters. phosgene, bis-chlorocarbonic acid cyclohexane. 

esters of di-(monohydroxyaryl)-alkanes and the bis- Preferred aromatic polycarbonates are those which are 

chlorocarbomc acid esters of the dihydroxy-benzenes and 45 based on one or more of the bisphenols mentioned as being 

the substituted dihydroxy-benzenes. By aromatic preferred. Particularly preferred copolycarbonates are those 

polycarbonate, m the sense of the present invention, there based on 2,2-bis-(hydr«xyphenyl)-propane and one of the 

are understood homopolycarbonate and copolycarbonate other bisphenols mentioned as being particularly preferred 

resins which are based, for example, on one or more of the Further particularly prefeired polycarbonates are those 

tonowing bisphenols: hydroquinone, resorcinol, so based solely on 2,2-bis-(4-hydroxyphenyl)-propane or 2 2- 

dihydroxydiphenyls, bis-(hydroxyphenyl)-alkanes, bis- bis-(3,5,dimethyl-4-hydroxyphenyl)-propane. 

(H^aroxyphenyO-cycloalkanes, bis-(hydroxyphenyl)- The aromatic high-molecular weight polycarbonates can 

sulphides, bis-(hydroxyphenyl)ethers, bis-(hydroxyphenyl)- be branched due to the incorporation of small amounts 

.ketj>nes,:^bis-(-hydroxyphenyl)-sulphoxides, bis- preferably of between about 0.05 and 2.0 mol %ftmm 

^moEmpyM-JM^Vhsnes and ot, a-bis-(hydroxyphenyl)- 55 (relative to diphenols employed), or trifiinetional or more 

OUSOOroDvlbenzenp.n as wpll nc <l5Baiifiiir.i*.oT-_oi^^/tot«^ ««j *^c. ^- i , - „ 



diisopropylbenzenes, as well as tg^Euclear-alkylated and 

nuclearrhalogenated compounds. These and further suitable 

aromatic dihydroxy compounds are described, for example, 

in U.S. Pat. Nos. 3,028,365, 2,999,835, 3,148,172, 3,271, 

368, 2,991,273 , 3,271,367, 3,280,078. 3.014,891 and 2,9QQ, .60 

846^all incOTgerajted:herdn"b ^ in Germ an Offen- 

""legungsscnniten (Cierman Published Specification'sT i370, 

703, 2,063,050, 2,063,052, 2,211,956 and 2,211,957, in 
-French-Patent s^^ 1,561,518 and in the mono- ^..^^^^ uy^^^^y. ^.uup. wm^u can oe usea are 

graph ^ H. Schnell, Chemistry and Physics of 65 phloroglucinol, 4,6-dimethyl-2,4,6-tri-(4-hydn)xyphenyl)- 

Pdycarbonates, Intersaence Publishers, New York, 1964". heptane-2,4,6-dimethyl-2,4,6-tri-(4-hydroxyphenyl)- 

Preferred bisphenols are those of the formula I: heptane, l,4,5-tri-(4-hydroxyphenyl)-benzene, 1, 1 l-tri(4- 



than trifiinetional compounds, especially compounds with 
three or more phenolic hydroxyl groups. Polycartx)nates of 
this type are described, for example, in. German Offenle- 
gungsschriften (German Published Specifications) 1,570, 
533,-1,595.762^ 2,116,974 and 2,113,347, British Patent 
SpecificatiQ ^tNo.~3.544.544--anGQrp^Tyed--hprpln---by 
reference).^ 

Some examples of compounds with three or more than 
three phenolic hydroxyl groups which can be used are 
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be compatible with the more hydrophobic resins. Surface 
treatments can include exchanging the inorganic cations on 
"the surface oflhe clay witfi~maten2^s" which can induce 
hydrogen bonding with the resin including hydrogen 
cationsr ammoniim silahe cations and the like, 5 

0ther;^&llers=can *^be~formed-GhemiGally-or- ground to -the 
appropriate size and used as -fillers for the injection blow 
moldable resins of this invention. For example, inorganic or 
"Organic pigments sucn as zmc oxide, oFutahium oxide can 
be used— Even-plastic-^llers-ean be provided in nanometer lo 

— ^^2es-and^ded-to-the4)low-moidaWe-resiHS; 

.„ The.nanocomposites.can.be-formed .by forming the resin 
itself in the presence of thernaho^filler particles or by simply 
melt compounding the formed resin with the nano-filler 
— partielefc-During-the-mel^eofflpeuHdiflg-method of forming 15 
nanorClayH compo"sifes;HE - found necessary to 

delaminate the clay particles sufficiently so that the ultimate 
Tevel'orfeinfSorcem and" transparericy'c^ be achieved. 

The injection blow-molding of these alternative resins can 
be used to form both disposable and permaware containers 20 
having nominal sidewall thicknesses of from 10 to 50 mils 
and greater than 50^ mils^ to 500 mils, respectively. While 
each of the resins may need to be processed differently from 
the others, typically, the molten resin is pressure formed into 
the parison rapidly, at a relatively high temperature ranging 25 
from about 300° to 85 0° R so as to form the desired parison. 
Injection pressures of ^SSE& 3,500 psi can be used. Dwell 
times of the parison in the parison mold will generally range 
from 0.5 to 3.5 seconds depending on the setting ability of 
the polymer used and the thickness of the article to be 30 
formed. The temperature at which the deformation of the 
parison^ i.e., blow-molding, takes place should be uniformly 
maintained while the parison is expanding and until it 
contacts the blow cavity mold. Temperatures ranging from 
aboiit 200® Jo 600° F. can be used. In no case must the 35 
parison be damaged, nor deformed in the course of any 
operation.to which itd& subjected, except of com^e blowing. 
A blowing pressure of from about 100 to 500 psi, preferably 
from about 200 to 400 psi can be "employed. 

It is often desirable to incorporate at the bottom of a 40 
tumbler identifying indicia, including the location of the 
manufacturer, trademarks, even to mold into the bottom 
ceftmnconfigi^tionrwBic^^ timibler to be printed 

or packaged. For example, one or more molded lugs can be 
molded info the base of the container and used to align the 45 
container during any subsequent printing operation. Previ- 
ous to this invention, the incorporation of such molded 
indicia or components to the base of a blow-molded article, 
in particular, an article in which the wall thickness was 
greater than 50 mil, required a separate noncontinuous step so 
___-i&-whiGh-the-artiGlc,-such-as-a-tumbler- needed to be taken 
from the blow mold at an elevated temperature, and con- 
veyed by a^ conveyor structure to a separate stamping 
bpOTitibn. ' ' '~ ^ 



For relatively tmck walled structures "including 

those-having-a-waH-diickness of greater than 50 mils, the 55 

molding of the indicia could not take place during blow- 
moldin'g~since~the "fluid'pressure during the blowing step 
could riot press the parison to be molded sufficiendy hard 
against a mold surface to mold acceptable indicia or deep 

-isuiface ; -. ^- — -. ' .r rr : _ 



In a novel aspect of the present invention, containers such 
as cups,-tu mbl e rs ::an d^the^l ike- can-be- blow-molded and the 
base thereof reconfigured in a continuous manner without 
the need to remove the tumbler from the blow mold and 
convey the tumbler away from. the apparatus to a separate 
stamping operation. 
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The base molding method and apparatus which are novel 
to the present invention in one embodiment can be described 
by referring to FIG. 18. Thus, after removal of the core from 
the blow-molding station, as described above, an alternative 
ejection core can be inserted, into the blow cavity which 
contains the blow-molded container This alternative ejec- 
tion core provides a slight pressure against the inside surface 
of the cup pressing the bottom surface of the cup against a 
preformed mold. More specifically, shown in FIG. 18 is a 
^Ao^i59i^JH^^Asj;^ ^}9y( station 913 as shown in FIG, 11. 
-Within the blow cavity is the blow-molded tumbler 1012 in 
the .fonn^f_a "bell - fountain" tumbler which includes a 
sidewairiOWari'd a base 1 016 which has a bottom surface 
1018 which is to be provided with indicia or other structural 
configurations such as a printing. In accordance with the 
molding operation of the present invention, once the core 
has been removed from the blow mold 1010 subsequent to 
the blowing step, an ejection core 1020 is inserted into the 
blow cavity and the tumbler 1012 which remains therein. 
Ejection core 1020 is wide enough to contact the inside edge 
of sidewall 1014 near or at the base 1016 of tumbler 1012. 
Such contact is shown at locadon 1022. Bottom edge 1024 
of ejection core 1020 contacts the inside surface of base 
1016 and pushes the tumbler 1012 against a mold 1026. 
Ejection core 1020 can also include a circumferential lip 
1021 which engages the lip 1013 of tumbler 1012 so as to 
aid in pushing timibler 1012 uniformly against the surface of 
mold 1026. In FIG. 18, mold 1026 is shown containing a 
mold configuration 1028 which is capable of forming a 
printing lug on the bottom 1018 of base 1016. Mold 1026 
can contain other mold features including indicia or trade- 
mark logos and the like. Mold 1026 can be secured to blow 
mold 1010 via threaded connector 1027. It has been found 
that the mechanical pressure of ejection core 1020 against 
the inside surface of base 1016 provides adequate pressure 
against the mold 1026 to adequately stamp any indicia or 
other configuration into the base of the tumbler. Typically, 
the pressure of the ejection core 1020 against the base 1016 
within the blow cavity to mold or stamp the base takes 
approximately 0.5 second. Mold 1026 can include a cooling 
clmnnel 1030 to provide the cooling of the base subsequent 
to the molding operation. Likewise, ejection core 1020 can 
also be provided with a cooling charmel 1032. In each of 
cooling channels 1030 and 1032, cooling fluids such as 
water can be circulated therein to provide the proper tem- 
perature. Subsequent to the molding or stamping operation, 
the ejection core 1020 is removed from the blow cavity. 
Since the mandrel 1020 contacts the inside sidewall 1014 of 
tumbler 1012, the tumbler is removed from the blow cavity 
as well and transferred to any-conveying station as described 
previously. The ejection core 1020 is an alternative to the 
ejection core 950 shown in RGS. 11, 12 and 13 and can be 
attached to a motive means as described above with respect 
to core 950 to provide a continuous process of injection 
blow-molding and molding the base of the tumbler. 

Another improvement relative to U.S. Pat. No. 4,540,543 
is shown in FIG. 19. FIG. 19 is an alternative blow mold 
cavity configuration which is different than^ for example, the 
blow cores shown in HGS. 14 and 15. Thus, in the previous 
description; blowing of the parison into the molded tumbler 
-was-achieved-by^directing-fluid-throiighj^low-slot in the 
core which directed the fluid at the base of the parison mold. 
Subsequendy, die fluid pressure would work its way up the 
mold and be vented from the entrance of the mold With 
respect to the tumbler, the initial fluid pressure would be at 
the base of the tumbler and work its way along the sidewall 
to the tumbler opening. In accordance with this invention, it 
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has been found that a uniform blow-molded tumbler can be 
bctter-^chieved-43-y- directing -lhe-fluid-pressure„during the 
blow stage from the top of the mold and working down 
towardr the-baserof-the-blow cavity or, with respect -to the 
.tumbler, blowing.,the parison atjhe openin g .of the tumbler 
and working down toward the base of the tumbler. Such 
configuration is shown in FIG. 19 which includes a blow 
mold lWO"into which Bas already been mscrtcd the core 
1042 which contains the injected molded parison 1044 
-CDntained-along^±e^utside-surface^ofxore4:042rThe"blow 
moldincludes a mold surface 1046 in the shape- of the bell 
fountain tumbler. The core 1042 includes a blow vent 1048 
which releases a fluid into the mold 1040 near the entrance 



thereof or .^ih_respect tQ„ the tumblCT,-near4he opening of 
the l7nibler"We"fluid prSsuxe travels do the core 1042 
bloving and pressing the pmsoirlO^ 
1046 from the top of the parison to the base 1050 of the 
parison. Blow cavity 1040 also includes the base mold 1026 20 
as described in FIG. 18 which allows the molding of the base 
of the blowrmolded . tumbler once core 1042.is removed and 
ejection core 1020 is inserted. Mold 1026 includes a vent 
1052 connected to mold 1040 to vent excess fluid pressure. 
It has been found that a more uniform sidewall can be 
achieved by blowing from the opening of the parison/ 
tumbler to the base thereof. This method of blowing the 
parison has previously been done to blow polystyrene dis- 
posable containers but is not believed to have been done 
with resins other than polystyrene and not to form per- 
maware tumblers having sidewall thicknesses of greater than 
50 mils. 



Optical/Physical Properties 



The inventive tumblers characteristically exhibit 
enhanced optical properties and crack resistance over prior 
art disposable cups. Unless otherwise indicated, cups 
described below are fabricated from unfilled resins. There is 
shown in Table 2l5dow "a comparison of haze values of an 
injection blow-molded tumbler of FIG. 8 made from PET 
with corresponding thermoformed cups. 

TABLE 2 

Optical Properties 
HAZE VALUES 



Injectioii Blow; 
Molded Tumb: 



Thermofonned 
PET 
Cup 1 



Thcnnofonncd 
PET 
Ciip_2 



— 1— 
2 
3 
4 
5 
6 

"Avg" 



1.22 

1.38 
1.41 
1.91 
1.48 
-1t46-- 



-^0.239- 



^4.34 . 

2.82 

3.00 

3.13 

2.98 

2.52 
-6^-3-- 
:0."628 



3.97 
2.94 
7.92 
4.62 
4.42 

-4;-7?- 



1.875 
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know. In this regard, a test was devised to simulate impact 
resistance as follows: 

The tumblers (or tumbler stack in the case of a nested 
^ column) were clamped about their bases to be in a free- 
standing position and a cylindrical suspended weight was 
positioned to be at rest with its cylinder wall adjacent the rim 
""'"of'thF'mmblcr: The weight was then drawn to a predeter- 
10 mined angle from the vertical and released. The angle with 
vertical at failure was recorded and the energy dissipated at 
impact was -c^ctriated based on the height to which the 
cylindrical weight was raised above, the rest position. 

Utilizing the above procedure, polystyrene cups having 
die general characteristics of the cups of FIG. 8 ("beaded") 
were "compared with similar cups with a "U" shaped brim. 
The cups of the invention had a wall thickness of about 15 
mils and a bead thickness of 63.7 mils about its brim. Results 
appear in Table 3, wherein it can be seen the cups of the 
invention exhibit an energy to failure of nearly twice that of 
cups with a "IT* shaped brim. 

TABLE 3 

Pendulum Test Energy to Failure for Beaded and "IT Sha^wd Brim 



25 









Pendulimi 


Energy 


Energy 




Pendulum 


Pendulum 


Angle 


to 


to 




Weight 


Length 


At Failure 


Failure 


Failure 


Cup ID 


lbs 


inches 


Degree 


Ib-in 


Average 


Beaded 


0.941816 


25.5 


20 


1.45 




Beaded 


0.941816 


25.5 


25 


2.25 




Beaded 


0.941816 


25.5 


25 


2.25 




Beaded 


0.941816 


25.5 


25. 


2.25 




Beaded 


0.941816 


25.5 


25 


2.25 


2.09 


"IT 


0.941816 


25.5 


20 


1.45 




"XT' 


0.941816 


25.5 


15 


0.82 




"tr* 


0.941816 


25.5 


15 


0.82 




"IT 


0.941816 


25.5 


15 


0.82 




"IT* 


0.941816 


25.5 


20 


1.45 


1.07 
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The material from which the cups are made likewise 
affects the toughness of the product as does the various 
design elements of die tumbler. Utilizing the above proce- 
dure (witii tighter clamping of the cups) tumblers having the 
general characteristics of FIGS."3(£i)-3(c) were tested for 
impact resistance as indicated in Table 4, as well as for crush 
loads and deflections (Instron). 

The various tumblers of Table 4 had the characteristics 
noted as well as die following: 

1. Tumbler A had a wall thickness of 0.0218 inches and a 
rim bead thickness of 0.03 0 inc hes; 

2. Tumbler B had a wall thickness of 0.0227 inches and 
Fnm li^ead diame^^ 



3. Tumbler C iikewtse haa "a"wairSu^ 
inches and a rim bead dianieto of O.CM-T^ inches. 



Tumblers with a fortified, beaded rim produced in accor- 55 
dance with the present invention likewise exhibit improved 
toughness over cups with a "U" shaped upper rim as are 
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TABLE 6 



Comparison of K Resinffolystyrene Tumbler 



Cup 



Brim Crush 



Bottom Crush 



Volume Height Weight Displ. Load Energy Failure Displ. ^^d EnetBy Faik^e 
Sample (oz) (in) (g) (in) (IbO dbf-in) Mode (m) (Ibf) 4^ Mode 



G 
H 



16 
16 



4.88 
4.88 



17.50 
17.21 



095 " 3 3F""l73 Cracks ' 0:68 ''26.00 1.01 Cracks 
2.08 3.65 4.63 Creases 0. 1 1 34.07 1 .63 Creases 



-Sample 



Cup 

Rigidity 

Dry 
- (lb) . 



Pendulum 



Disagreeable 

Odor 
Scale 0-10 


Failure 
Angle 
(Degree) 


Energy 
to break 
Obf-in) 


Failure 
mode 


Sample 


2 


20 


5.6 


60% cracks 


10 








40% pieces 




7 


33.5 


15.5 


60% cracks 


10 








40% creases 





G 
H 



0.97 
0.57 



tajecUon blow-molded tumblers may be produced in f ^^^^^tlt ^/SS^^^ 

accoidar-ce with the present invention utilizing polymenc ^/ -f-^^^J^^-^^^ ciSd^e S 0986) t^^ Is- 

compositions filled with convenUonal morgamc fillers such 1745-175^, Ml i tress, (^anonagc, ^. com- 

consisting of isotactic polypropylene, and copolymers of 30 tomte is usually an 'Jff^^^ 

aooui L.J. MM auiiit, p jK,,u:^u thf> artirlps are which is a hvdrated aluminum Silicate (Al2O3.2MO2.iW2U; 

pol,=|h, to poly™ " ^ Ti^Z SI. to.. min«im». »d alunim .ilic.«. 

, - t; _ u^,,.^^ referred to as smectites. — ^-^^---.-^^->^^.^_ ... ^ 

an'r^^^^^ polymers referred to herein are A large ^f-ilS^^T^^^^ t^l^ 

JscribedatleiU^e^c^^^^^ 4. emp^^^ ^^^^^r^^^^m^r^c. 

HDPE refers to high density polyethylene which is subst^^ SfmL^So "wS^-SiSSle^S^^^^^ 

-^;Mchischl^erized^rel^^ ^^SJf ^SSi^ai^aTf^ 

ing and a density of about 0.912 to about 0.925 g/cc. LLDPE . 'J.™^ cyLs.of;aquk«ifdiatoms,:^simple:plant 

.-OdilSaLlqwdensity polyethylene is c^^ f^S^MySS^-Saline^silic^celbwal^^^^^ 

chain brancWng and a density of Irom about 0.92 to J^^^^^ sanS o1 sSS diato^^h^^^ 

-0:9riiec.-Finally, intermediate density Polye*ylene 55 smids of^i^a^^^^^__^^ 

(MDPE) is characterized by relamely low branchmg and a f ° °^^™^^diatoms in -SblnS«inal quantities are 

density of &om about 0.925 to about 0.94 g/cc. gSt^S^Softhe^w^rlSl^t^believed to 

Typically, in filled plastics the pnmary "^^^^^ ^kfj^ ^Z^^^dicmm^m^mmSGcn^, 

mica, talc, kaolin, bentonite, woUastomte, milled glass fiber ^T^J^^^^ °;2-5%; to 

"polypropylene may be melt-compounded with acidic-type ^'^P^^^^^^^oved^^^in-Mc^ lavas 

=minerals^uch^.mica. as -'f.'>^ ^°'^^'^'f'^^^Z -^^^mSSSS^cmmsm^ 

basicmaterials such as calcium carboimte, tf c. banum ^""^"^^^^^^^^ate^partiaes-are:^^ 

sulfate, calcitm sulfate, magnesium sulfate Sl^^' « ^^^^^ZS'^^^^^^^^^ 

dblomite.^alumina, ceramics, calcmm carbide, sihca, pig- wind ^M^ay 

ments such as titanium dioxide based pigments and so on. mulates closer to the yent.. : -, ..^ , 
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The hydrous aluminum silicate, pyrophilite, is fomied by 
hydrolhermal metamorphism of acid tuffs or braccias. 

Silica sand is trequently"6btainecl from the weathering of 
quartz-containing rock. Decomposition and disintegration of 
the rock with decomposition of other minerals leaves a 
primary quartz, sand that has-been concentrated by water 
movement. Induration of sands to sandstone results in 
another source for silica sand. Amorphous silica, or more 
" priDperly crypto'cry stallinc "or microcrysialTinc silica, is" 
formed by -the slow leaching of siliceous limestone or 
.calcareous chert. . — . . 

Talc is formed by the metamorphic (hydrothermal) alter- 
ation of magnesium silicates such as serpentine, pyroxene or 
dolomite. 

The^siliceous fillers are generally-inert in most applica- 
tions as. shown by pH values in the range from about 6-^10. 

Sulfate minerals, such as gypsum and bariie may likewise 
be employed as a primary filler. Gypsum is"the~nanie given 
to the mineral that consists of hydrous calcium sulfate 
(CaS04 2H2O), and also to the sedimentary rock that consist 
primarily of this mineral. In its pure state, gypsum contains 
32.6% Jime (CaO), 46.5% sulftir trioxide (SOg), and 20,9% 
water. Single crystals and rock masses that approach this 
theoretical purity are generally colorless to white, but in 
practice, the presence of impurities such as clay, dolomite, 
silica and iron imparts a gray brown, red or pink color to the 
rock. 

There are three common varieties of gypsum: selenite, 
which occurs as transparent or translucent crystals or plates; 
satin spar, which occurs as thin veins (typically white) of 30 
fibrous gypsum crystals; and alabaster, which is compact, 
fine-grained gypsum that has a smooth, even-textured 
appearance. Most deposits or rock gypsum that are suitable 
for industrial purposes are aggregates of fine to coarse 
gypsum crystals that have intergrown to produce a thick, 35 
massive sedimentary rock unit that is 90-98% gypsum. 
Alabaster is highly prized because of its uniformly fine 
particle size, but the more common deposits of rock gypsum 
consisting of coarser-grained selenite can generally be 
crushed and ground to produce a suitable filler and coating 40 
material. 

Gypsum has a hardness of 2 on the Mohs scale, and can 
be scratched with the fingernail. Laige rock masses are 
easily crushed and ground to a fine powder. The specific 
gravity of gypsum is about 2.31 and the refractive index is 
about 1.53. Gypsum is sHghtly soluble in water but it is an 
inert substance that resists chemical change. The oil- 
absorption capacity of gypsum is fairly low (0.17-0.25 cm^ 
gel). 

Raw or crude gypsum is one of the forms used as fillers 
and.coatings^but for some purposes calcined or deadbumed 
gypsum is desired. In calcining, the gypsimi is heated to at^iM 
nO^l^O** C: to drive«off free water and partially remove the 
~ w^CT of CTystahzation. The calcined matorial^br sticco, "has 
eemposition-of- GaSG4.^20» and it readily 
takes up water. Calcination at higher temperatures 
(500-725° C.) results in a product called deadbumed 
gypsiun, which has a composition of CaS04. 

Anhydrite, a sulfate mineral and rock that is closely Glass 
-assGdated^yith-gypsum-in-nature-and-hasTmnoTTises-^^ ~"Mineral"wool 

^ b[y^us:xcalcrfum --s afatC "(C aS Q 4)-containm Calc iun rs ul phat^ 

41 2% CsO and 58.8% SO3. It is typically fine grained (like ' " 
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Thus, fillers commonly include: 
Barium Salt 
Barium Ferrite 
Barium Sulfate 
Carbon/Coke ^0>w^^ 
Calcium Fluoride 
. Calcium Sulfate 
Carbon Black 
Calcium Carbonate 
Cerami c Pow der 
Chopped Glass 
Clay 

Xontuiuous Glass 
Glass Bead 
Glass~Fiber 
Glass Fabric 
Glass Flake 
Glass Mat 
Graphite Powder 
Glass Sphere 
Glass Tape 
Milled Glass 
Mica 

Molybdenum Disulfide 
Silica 

Short Glass 
Talc 
Whisker 

Particulate fillers, besides mica, commonly include: 
Glass 

Calcium carbonate 
Alumina 
BeryOium oxide 
Magnesium carbonate 
Titanium dioxide 
Zinc oxide 
Zirconia 

Hydrated alumina 
Antimony oxide 
Silica 
Silicates 
Barium ferrite 
Barium sulphate 
Molybdenum disulphide 
Silicon, carbide 
Potassium titanate 
Clays 

Whereas fibrous fillers are corMnonly: 
Whiskers 



alabaster)^ and occurs m thick, massive sedimentary, rock 
imits. Anhydrite usually is white or bluish gray when pure, 
but it may be discolored by impurities. Anhydrite has a 
hardness of 3.5, a specific gravity of 2.98, and a refractive 
index of 1.57-1.61. 
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Potassium titanate 
Bcit6n 
Alumina 

Sodium aluminum 
Hydroxy carbonate 
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Suitably the extruded polymeric compositions include 
coloring agents for aesthetic appeal, preferably .jdtanuim 
dioxide, carbon black, and other opacifying agents in the 
range. oI0.5T8„weighl percent based on total composition, 
preferably 1.5 to '6.5 weight percent. The compbsitio'ris may 
conipiiYe'mirior amoanCs'bf "ot!reT-additiv^^ 
cants and antioxidants. These articles of manufacture may be 
_ suitably c olored, with , pigments or dyes. Pigments 



defined as small insoluble organic or inorganic particles 
dspersedlnlfie Tesiri mediiim'to promote. opacity or trans- 
'l uccncy . U suan^igmcnts" include carbon^blackr titanium 
dioxiderzinc oxide, iron oxides, and inixed-metal oxides, 
byes are organic and soluble in the plastic, and may be used 
alone or in combination with pigments to brighten up 
pigment bas ed~(^r6fsrAir such'co^^^^ maybe used in a 
variety- of "modes whichinclude- dry color, conventional 
colorxoncentrates, liq uid colo r and precolored resin. 

This invention may be embodied in other forms or carried 
out in other ways without departing from the spirit or 
essential characteristics thereof. The present embodiment is 
therefore to be considered as in all respects illustrative and 
not-restrictive, the scope of-the invention being. indicated by 
the appended claims, and all changes which come within the 
meaning and range of equivalency are intended to be 
embraced therein. 
What is claimed is: 

1. An injection blow-molded tumbler formed from a 
polymeric material including a copolymer of styrene and 
butadiene comprising: (a) a base defining a base diameter 
forming the bottom of said tumbler, the base also defining an 
outer edge thereof; (b) a sidewall integrally formed with said 
base extending upwardly from the outer edge thereof defin- 
ing about its upper extremity an opening having a diameter 
generally larger than the base diameter provided with a 
fortified rim integrally formed with the sidewall in the form 
of a continuous solid polymer bead; wherein said fortified 
rimrhas a thickness from about 1.5 to about 6 times the 
thickness of the adjacent portion of said sidewall and 
wherein the volume of the injection blow-molded tumbler is 
from about 1.5 to about 4 times the volume of an injection 
molded parison from which it was prepared, and wherein 
further Jhe sidevyall defines a substantially straight profile 
extending between the base and the upper opening defined 
thereby. 

2. An injection blow-molded tumbler formed from a 
polymeric material including a copolymer of styrene and 
butadiene comprising: (a) a base defining a base diameter 
forming the bottom of said tumbler, the base also defining an 
outer edge thereof; (b) a sidewall integrally formed with said 
base extending upwardly from the outer edge thereof having 

'a"thickness~of from 5 to about 50 mils defining about its 
upper extremity , an opening having a diameter generally 

..Jarger^thanlthe..tee^diameter_prp3^^ 
integrally formed with the sidewall in the form of a con- 
tinuous solid "polymer bead; (c) said sidewall extending 
upwardly witii a taper of from about 1.0 to about 4.5 degrees, 
and wherein said fortified rim has a thickness from about 1 .5 
to about 6 times the thickness of the adjacent portion of said 
sidewall and wherein the volume of the injection blow- 
molded^tumbl^isrfromrabom"i:5"^ 

""vdlmCTfmrngectidm was 
prepared, and wherein further the sidewall defines a sub- 
-stantially^straight profile extending between the base.and.the 
upper opening defined thereby. 

3. The tumbler according to claim 2, wherein said side- 
wall extends upwardly witii a taper of from about 2.75 to 
about 4 degrees. 
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4. The tumbler according to claim 3, wherein said side- 
wall extends upwardly with a taper of about 3 degrees. 

5. The tumbler according to claim 2, wherein said fortified 
rim has a thickness and height of from about 3 to about 5 
times the thickness of tiie adjacent portion of said sidewall. 

6. An injection blow-molded tumbler formed from a 
polymeric material including a copolymer of styrene and 
butadiene comprising: (a) a base defining a base diameter 
forming the-bottom of said tumbler, the base also defining an 
outer edge thereof; (b) a sidewall integrally formed with said 
basenextending upwardly from the outer edge thereof having 
a thickness of-from 5 to about 50 mils defining about its 
uppef'HtfErmty^-an-^^ having a diameter generally 
longer than the base diameter provided with a fortified rim 
integrally formed witii the sidewaU in die form of a con- 
tinuous solid polymer bead; (c) die volume of tiie injection 
blow-molded tumbler being from about 1.5 to about 4 times 
thej/olume of an injection molded parison from which it was 
prepared; wherein said fortified rim has a thickness of from 
about 1.5 to about 6 times the tiiickness of the adjacent 
portion of said sidewall and wherein said mmbler has a taper 
from about 1.0 to about 4.5 degrees, and (d) wherein fiuther 
the sidewall is provided with a molded in design comprising 
a series of triangular ridges deeper in dimension than the 
wall caliper thus providing strength by way of corrugation 
and having a wall thickness the same as the rest of the 
mmbler, and the sidewall defines a substantially straight 
profile extending between the base and the upper opening 
defined thereby. 

7. The tumbler according to claim 6, wherein the volume 
of said tumbler is from about 1.75 to about 3 times the 
volume of the injection molded parison from which it was 
prepared. 

8. The tumbler according to claim 7, wherein the volume 
of the tumbler is about twice the volume of the injection 
molded parison from which it was prepared. 

9. The tumbler according to claim 6, wherein said side- 
wall has a thickness of from about 10 to about 35 mils. 

10. The tumbler according to claim 9, wherein the side- 
wall has a thickness of from about 15 to about 25 mils. 

11. The mmbler according to claim 10, wherein the 
sidewall has a thickness of about 20 mils. 

12. An injection blow-molded tumbler formed of an 
optically clear polymeric material including a copolymer of 
styrene and butadiene comprising: (a) a substantially circu- 
lar base portion defining a base diameter, the base portion 
also defining an outer edge; (b) substantially cylindrical 
sidewall extending upwardly from the outer edge of the base 
portion having a thickness of from about 5 to about 50 mils 
defining about iHBI^p^ extremity an opening having a 
diameter generally larger than die base diameter provided 
with a fortified rim integrally formed with the sidewall in the 
form of a continuous Sj^ polymer bead; said sidewall 
extending upwardly with an angular taper with its central 
axis of from about 1 .0 to about 4.5 degrees; said fortified rim 
having a thickness of from about 1.5 to about 6 times the 
thickness of the adjacent portion of said sidewall; said 
sidewall further including a pattern which alters the cylin- 
drical character thereof over at least a portion of said 
sidewall which pattern is operative as a grip portion for a 
user and wherein the volume of the injection blow-molded 
mmbl^4s--fr0ntabotrtiic5rto-about 4 times the of an 
injection molded parison from which it was prepared, and 
tiiesidewalliMnes a substantially straight profile extending 
between the base and the upper opening defined tiiereby. 

13. The tumbler according to claim 12, wherein a ratio of 
the height of the mmbler to the inside diameter of the upper 
portion of the sidewall is from about 2 to about 4. 
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38. An injection blow-molded disposable tumbler of an 
optically clear polymeric material including a copolymer of 
styrenc and butadiene comprising: (a) a base defining a base 
diameter forming the bottom of said tumbler, the base also 
defining an outer edge thereof; (b) a sidewall integrally 
formed with said base extending upwardly from the outer 
edge having a thickness of from about 5 to about 50 mils 
defining about its upper extremity an opening having a 
diameter generally larger than the base diameter" "provided 
with a fortified rim integrally formed with the sidewall in the 
-form of a continuous solid polymer bead; the volume of said 
injecuon molded tumbler being from about 1,5 tc® times the 
volume of an injection molded parison from which it was 
prepared and said tumbler defining a volume of from about 
16-20 fluid ounces; wherein said fortified rim has a thick- 
ness from about 1.5 t(^ times the thickness of the adjacent 
portion of said sidewall; and wherein said tumbler has a 
taper from about 2.5 to about 10 degrees, and wherein 
further the sidewall defines a substantially straight profile 
extending between the base and the upper opening defined 
thereby. 

39. The injection blow-molded tumbler accordmg to 
claim 1, wherein the amount of butadiene residue in said 
copolymer is from about 2 to about 40 percent by weight. 

40. The injection blow-molded tumbler according to 
claim 1, wherein the amount of butadiene residue in said 
copolymer is from about 15 to about 30 percent by weight. 
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41 The injection blow-molded tumbler accordmg to 
claim 1, wherein said tumbler consists essenti ally of styrene- 
butadiene copolymer blended with^^^^ 

42. The injecuon blow-molded tumbler accordmg to 
claim 1, wherein said polymeric material consists of a blend 
of polystyrene with a copolymer of styrene and butadiene. 

43. The injection blow-molded tumbler according to 
claim 1, including an impact modifier selected from the 
group consisting of core shell polymers, olefin contaimng 
copolymers, rubber polymers and copolymers, styrenc con- 
taining copolymers, and mixtures thereof. 

44. The injection blow-molded tumbler according to 
claim 1, formed from a polymeric material including a 
mineral filler wherein said mineral, filler is present in an 
amount of from about 5 to about 50 wt. %. 

45. The injection blow-molded tumbler according to 
claim 44, wherein said mineral filler is present in an amount 
of from about 8 to about 20 wt. %. 

46. The injection blow-molded tumbler according to 
claim 45, wherein said mineral filler is present in an amount 
of from about 10 to about 15 wt. %. 

47. The injection blow-molded tumbler according to 
claim 1, wherein die polymer bead forming the fortified rim 
has a curved profile. 

48. The injection blow-molded tumbler according to 
claim 47, wherein the polymer bead forming the fortified rim 
has a circular profile. 



